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Ghqpdun
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Frqwhqwv

4 LQWURGXFWLRQ <
414 Ihdwxuhv ri wkh 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 43

41414 Ilupv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43
41415 Krxvhkrogv 1 1 1 1 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
41416 Oderu pdunhw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45
41417 Lqwhuqdwlrqdo uhodwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45
41418 Wkh sxeolf vhfwru 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45
41419 Udwlrqdo h{shfwdwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46

415 Vlpsoli|lqj dvvxpswlrqv lq wkh suhvhqw yhuvlrq ri wkh prgho 1 1 1 1 1 46
416 Ryhuylhz ri wkh sdshu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47
417 Dq lpsruwdqw qrwh derxw wkh gdwlqj frqyhqwlrq 1 1 1 1 1 1 1 1 1 1 1 1 49

5 SURGXFHUV 4<
514 Wkh �up*v sureohp 1 1 1 1 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<
515 Iluvw rughu frqglwlrqv wr wkh �up*v sureohp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59

51514 Wkh ghpdqg v|vwhp ri wkh �up 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<
51515 Lqwudwhpsrudo rswlpl}dwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64
51516 Jryhuphqwdo surgxfhuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 66

6 GHPRJUDSKLF VWUXFWXUH 6:
614 Frqvwuxfwlrq ri wkh uhsuhvhqwdwlyh krxvhkrogv 1 1 1 1 1 1 1 1 1 1 1 1 1 6;

61414 Phq/ zrphq dqg wkh frxsoh0pdwul{ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74
61415 Qrupdol}lqj wkh frxsoh0pdwul{ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75
61416 Fkloguhq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 78

615 Iruhfdvwlqj wkh qxpehu ri dgxow0htxlydohqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7:
61514 Srsxodwlrq iruhfdvw 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;
61515 Krxvhkrog iruhfdvw 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<

616 Ghvfulswlrq ri wkh frqvwuxfwhg gdwd0vhulhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 83
617 Lpsolfdwlrqv ri lqfrusrudwlqj wkh ghprjudsklf vwuxfwxuh 1 1 1 1 1 1 1 86

7 KRXVHKROGV 8:
714 Qrq0lqwhuhvw lqfrph 1 1 1 1 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:
715 Wkh krxvhkrog*v xwlolw| ixqfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 94

71514 Krz wr prgho xwlolw| iurp ohdylqj d ehtxhvwB 1 1 1 1 1 1 1 1 1 95
71515 Wkh lqvwdqwdqhrxv xwlolw| ixqfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 96
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716 Lqwhuwhpsrudo rswlpl}dwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 97
71614 Rswlpdo oderu vxsso| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 99
71615 Rswlpdo frqvxpswlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9;

717 Wkh rswlpdo ehtxhvw ghflvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :3
71714 Wudqviruplqj ehtxhvw lqwr lqkhulwdqfh 1 1 1 1 1 1 1 1 1 1 1 1 1 :4

718 Lqwudwhpsrudo rswlpl}dwlrq 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
719 Yhu| rog shuvrqv 1 1 1 1 1 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

8 PDFURHFRQRPLF UHODWLRQV :<
814 Djjuhjdwlrq dfurvv jhqhudwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :<
815 Wkh iruhljq vhfwru 1 1 1 1 1 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
816 Wkh frqvxpswlrq dqg wkh exgjhw ri wkh sxeolf vhfwru 1 1 1 1 1 1 1 1 1 ;6
817 Htxloleulxp frqglwlrqv 1 1 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 VWDWLRQDU\ VWDWH ;<
914 Wkh vxsso| vlgh ri wkh hfrqrp| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;<

91414 Vwhs 4= Wkh v|vwhp ri �uvw rughu frqglwlrqv ri wkh �up 1 1 1 1 <3
91415 Vwhs 5= Ghwhuplqlqj uhodwlyh lqsxwv dqg uhodwlyh sulfhv 1 1 1 1 <6
91416 Vwhs 6= Wkh htxloleulxp lq wkh oderu pdunhw 1 1 1 1 1 1 1 1 1 1 <7

915 Wkh ghpdqg vlgh ri wkh hfrqrp| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <8
91514 Wkh djjuhjdwh frqvxpswlrq ixqfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <9
91515 Djjuhjdwh kxpdq fdslwdo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <;
91516 Djjuhjdwh vdylqjv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 433
91517 Djjuhjdwh ghpdqg 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
91518 Vwdwlrqdu| vwdwh htxloleulxp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 437

916 Olih f|foh ehkdylru lq vwdwlrqdu| vwdwh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 437
91614 Krxvhkrog vl}h 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 438
91615 Wrwdo krxvhkrog lqfrph dqg lwv frpsrvlwlrq 1 1 1 1 1 1 1 1 1 1 439
91616 Lqfrph shu dgxow 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 444
91617 Krxvhkrog frqvxpswlrq dqg vdylqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 446
91618 Frqvxpswlrq dqg vdylqj shu dgxow0htxlydohqw 1 1 1 1 1 1 1 1 1 448

: FDOLEUDWLRQ 44:
:14 D eulhi ryhuylhz ri wkh hqwluh fdoleudwlrq surfhgxuh 1 1 1 1 1 1 1 1 1 1 44;
:15 Wkh edvh |hdu 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 1 453
:16 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 1 1 1 454
:17 Dq h{dpsoh ri wkh fdoleudwlrq phwkrg= fdoleudwlrq ri wkh h{sruw gh0

pdqg ixqfwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 457
:18 Wkh ehqfkpdun 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 45:

:1814 Uhprylqj irupdo revwdfohv iru fdoleudwlrq ri vwdwlrqdu| vwdwh 1 463
:1815 Frpslolqj qxpehuv iru xqrevhuyhg vwrfn yduldeohv 1 1 1 1 1 1 1 466
:1816 Frpslolqj qxpehuv iru lqvwdoodwlrq frvwv 1 1 1 1 1 1 1 1 1 1 1 1 468
:1817 Mrlqw fdoleudwlrq ri wkh lqwhuwhpsrudo xwlolw| ixqfwlrq dqg frp0

slodwlrq ri vrph krxvhkrog ehqfkpdun gdwd 1 1 1 1 1 1 1 1 1 1 46:
:19 Fdoleudwlrq rq wkh ehqfkpdun gdwd vhw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46<

:1914 Qhw ydoxhv/ h{flvh wd{ udwhv dqg pdunhw sulfhv 1 1 1 1 1 1 1 1 1 473
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:1915 Wkh surgxfwlrq ixqfwlrq dqg wkh dwhpsrudo xwlolw| ixqfwlrq 1 1 474
:1916 Oderu ghpdqg/ oderu vxsso|/ pd{lpxp zrunlqj wlph dqg xq0

ghuhpsor|phqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 477
:1: Vroxwlrq ri wkh frpsxwhu0yhuvlrq ri wkh prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 478

; G\QDPLF HIIHFWV RI SROLF\ H[SHULPHQWV 47:
;14 Oderu lqfrph wd{ udwh uhgxfhg e| 8 shufhqwdjh srlqwv 1 1 1 1 1 1 1 1 1 47;

;1414 Vxsso| vlgh h�hfwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 485
;1415 Ghpdqg vlgh h�hfwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48;

< DSSHQGL[ 49<
<14 Dsshqgl{ D 0 qrwdwlrq ri srsxodwlrq yduldeohv 1 1 1 1 1 1 1 1 1 1 1 1 1 49<
<15 Dsshqgl{ E 0 FHV ixqfwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:6

<1514 Frvw plqlpl}dwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:6
<1515 Xwlolw| pd{lpl}dwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:8
<1516 Sur�w pd{lpl}dwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:8
<1517 Fdoleudwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:9

<16 Dsshqgl{ F 0 fdofxodwlrqv dqg ghulydwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:;
<17 Dsshqgl{ G 0 srsxodwlrq suhglfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;8

<1714 Iruhfdvwlqj wkh srsxodwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;8
<1715 Frqvwuxfwlqj krxvhkrogv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;:

<18 Dsshqgl{ H 0 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 4<6
<1814 Lqsxw rxwsxw 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 4<6
<1815 Fdslwdo vwrfn dqg ghsuhfldwlrq udwhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<7
<1816 Wd{ udwh ri ghsuhfldwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<8
<1817 Sxeolf �qdqfhv 1 1 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<9
<1818 Fxuuhqw dffrxqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 533
<1819 Frusrudwh ghew vkduhW 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 533
<181: Wkh zhdowk ri krxvhkrogv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 534
<181; Hodvwlflwlhv ri vxevwlwxwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 534

43 UHIHUHQFHV 536

�Wklv vxevhfwlrq uhsurgxfhv wkh zrun ri Vfkxow} Pûoohu +4<<6,1
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Olvw ri Iljxuhv

4 Looxvwudwlrq ri wkh hqg ri shulrg gdwlqj uxoh xvhg lq wkh sdshu 1 1 1 1 4:

5 Wkh whfkqrorj| ri wkh surgxfhuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56

6 Wkh frxuvh ri olih iru zrphq dqg phq lq wkh prgho 1 1 1 1 1 1 1 1 1 1 73
7 Wkh glvwulexwlrqv ri phq wkdw 6 djh jurxsv ri zrphq duh pdwfkhg zlwk 77
8 Glvwulexwlrq ri prwkhuv djh iru qhzeruqv lq 4<<8 1 1 1 1 1 1 1 1 1 1 1 79
9 Vxuylydo udwhv iru d jhqhudwlrq eruq lq 4<<8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<
: Gl�huhqfhv lq djh iru frxsohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 83
; Djh glvwulexwlrq ri wkh srsxodwlrq lq 4<<8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 84
< Djh glvwulexwlrq ri wkh srsxodwlrq lq 5358 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 84
43 Djh glvwulexwlrq ri wkh srsxodwlrq lq wkh vwdwlrqdu| vwdwh 1 1 1 1 1 1 1 85
44 Krxvhkrogv lq wkh Dxhuedfk ) Nrwolnr� dqg wkh Eodqfkdug prgho 1 1 86
45 Krxvhkrog vwuxfwxuh lq wkh suhvhqw prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 87

46 Wkh lqwudwhpsrudo xwlolw| ixqfwlrq ri wkh krxvhkrog 1 1 1 1 1 1 1 1 1 1 :7

47 Djjuhjdwh Vxsso| 1 1 1 1 1 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
48 Djj1 ghpdqg frpsrqhqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 436
49 Djjuhjdwh vxsso| dqg ghpdqg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 437
4: Krxvhkrog vl}h 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 438
4; Wrwdo krxvhkrog lqfrph 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 439
4< Uhodwlyh frpsrvlwlrq ri wrwdo krxvhkrog lqfrph 1 1 1 1 1 1 1 1 1 1 1 1 43:
53 Qrq0lqwhuhvw krxvhkrog lqfrph 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43;
54 Uhodwlyh frpsrvlwlrq ri qrq0lqwhuhvw lqfrph 1 1 1 1 1 1 1 1 1 1 1 1 1 1 443
55 Wrwdo lqfrph shu dgxow 1 1 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
56 Qrq0lqwhuhvw lqfrph shu dgxow 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 446
57 Olih f|foh krxvhkrog ehkdylru +wrwdo, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 447
58 Olih f|foh ehkdylru +shu dgxow0htxlydohqw, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 448

59 |` � f�fD/ Jurvv rxwsxw lq sulydwh vhfwru 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 483
5: |` � f�fD/ Sulydwh frqvxpswlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 484
5; H�hfwv ri d uhgxfwlrq lq oderu wd{dwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 484
5< |` � f�fD/ Wrwdo pdujlqdo frvwv ri lqyhvwphqwv/ ghfrpsrvhg 1 1 1 1 1 487
63 |` � f�fD/ Sulydwh jurvv lqyhvwphqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 488
64 |` � f�fD/ Vkdgrz sulfh ri pdujlqdo fdslwdo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 489
65 |` � f�fD/ Vkdgrz sulfh ri pdujlqdo errn fdslwdo 1 1 1 1 1 1 1 1 1 1 1 489



; OLVW RI ILJXUHV

66 |` � f�fD/ Fdslwdo vwrfn lq sulydwh vhfwru 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48:
67 |` � f�fD/ Sxeolf jurvv lqyhvwphqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48;
68 |` � f�fD/ Zdjh udwh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48<
69 |` � f�fD/ Frqvxphu FHV sulfh lqgh{ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 494
6: |` � f�fD/ Glylghqg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 495
6; |` � f�fD/ Ydoxh ri �up 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 495
6< |` � f�fD/ Glylghqg/ ghfrpsrvhg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 497
73 Frqvxpswlrq iru jhqhudwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49:

6: Pdoh srsxodwlrq lq vwhdg| vwdwh +wkrxvdqgv, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;<



Fkdswhu 4

LQWURGXFWLRQ

Wklv sdshu ghvfulehv wkh g|qdplf frpsxwdeoh jhqhudo htxloleulxp +FJH, prgho ri

wkh Gdqlvk hfrqrp| fdoohg GUHDP +Gdqlvk Udwlrqdo Hfrqrplf Djhqwv Prgho,4 wkdw

lv xqghu ghyhorsphqw dw Vwdwlvwlfv Ghqpdun51 Wkh yhuvlrq 415 ri wkh prgho suhvhqwhg

khuh lv d ehqfkpdun yhuvlrq> lw lv nhsw vlpsoh dqg doo pdunhwv duh frpshwlwlyh1 Wkxv

wkh suhvhqw yhuvlrq fdq eh frqvlghuhg d ehqfkpdun wr zklfk ixwxuh/ dqg pruh hoder0

udwh prgho0yhuvlrqv pd| eh frpsduhg1

Frpsduhg wr yhuvlrq 413 +Dxjxvw 45/ 4<<:, vrph uh�qhphqwv kdyh ehhq pdgh1 D

qhz xwlolw| ixqfwlrq wkdw kdv wrwdo lqvwhdg ri dyhudjh xwlolw| dv lw*v fulwhulrq kdv

ehhq fkrvhq1 Wklv dowhuhg remhfwlyh d�hfwv frqvxpswlrq dqg vdylqjv ehkdylru txlwh

vxevwdqwldoo| dv zloo dsshdu odwhu rq1 Ixuwkhu jryhuqphqwdo surgxfhuv kdyh ehhq lq0

wurgxfhg lq wkh prgho wr eh deoh wr fdoleudwh wkh prgho rq wkh dfwxdo Gdqlvk gdwd1 Lq

rughu wr nhhs lw vlpsoh jryhuqphqwdo surgxfhuv duh dvvxphg wr shuirup rswlpl}dwlrq

rqo| lqwud0 dqg qrw lqwhuwhpsrudoo|1 Jryhuqphqwdo lqyhvwphqwv duh dvvxphg wr eh d

frqvwdqw vkduh ri JGS/ dqg wkh jryhuqphqwdo surgxfhuv duh frvw plqlpl}lqj zlwklq

hyhu| shulrg jlyhq wkh dprxqw ri sk|vlfdo fdslwdo1 Dovr dvvrfldwhg zlwk wkh fdoleud0

wlrq/ d ghvwlqfwlrq ehwzhhq wd{deoh dqg qrq0wd{deoh djh ghshqghqw sxeolf wudqvihuv lv

fduulhg wkurxjk/ dqg wkhvh duh ehlqj lqgh{hg wr wkh zdjh qhw ri oderu pdunhw frqwul0

exwlrq1 Ilqdoo|/ frqvxpswlrq ri yhu| rog shuvrqv qrz �jxuhv dv sulydwh frqvxpswlrq

lqvwhdg ri sxeolf/ dqg wudqvihuv ehwzhhq wkh jryhuqphqw dqg iruhljq frxqwulhv duh

lqfoxghg lq wkh prgho1

Lw vkrxog eh vwuhvvhg wkdw wkh suhvhqw yhuvlrq ri wkh prgho dqg doo h{shulphqwv duh ri

d suholplqdu| qdwxuh/ dqg wkhuhiruh lw lv dgylvdeoh wr frqvxow zlwk wkh dxwkruv ehiruh

4Wkh qdph lv lqvsluhg e| wkh +orqj, olvw ri wrslfv wkdw wkh vsrqvruv ri wkh surmhfw zrxog olnh wkh
prgho wr fryhu= �Rqo| d guhdp frxog ixo�oo wklv�1

5Wkh frpsxwdeoh jhqhudo htxloleulxp jurxs ri Vwdwlvwlfv Ghqpdun zdv lqlwldwhg e| Mdqxdu| 4vw
4<<:1 Wkh jurxs kdv judgxdoo| jurzq lq vl}h/ dqg kdv phglr Pd| 4<<: uhdfkhg lwv htxloleulxp vl}h
ri 8 ixoo wlph hpsor|hg dfdghplfv dqg 5 sduw wlph hpsor|hg uhvhdufk dvvlvwdqwv1



43 LQWURGXFWLRQ

xvlqj wkh pdwhuldo ixuwkhu1

414 Ihdwxuhv ri wkh prgho

Wkh uhpdlqlqj sduw ri wklv vhfwlrq frqwdlqv d eulhi suhvhqwdwlrq ri wkh ihdwxuhv ri

wkh prgho> wkh iroorzlqj fkdswhuv frqwdlq d pruh irupdo suhvhqwdwlrq ri wkh gl�huhqw

sduwv ri wkh prgho1 Wkh prgho frqvlvwv ri d frusrudwh vhfwru/ krxvhkrogv/ d jryhuq0

phqw dqg d iruhljq vhfwru1 Wkh vxsso| sduw ri wkh prgho lv udwkhu vwdqgdug dqg forvho|

uhodwhg wr wkh HSUX0prgho +vhh Mhqvhq hw do1> 4<<8,1 Wkh ehkdylru ri wkh frqvxphuv

duh prghoohg dorqj wkh olqhv ri Dxhuedfk dqg Nrwolnr� +4<;:,/ exw lv h{whqghg wr

doorz iru h{rjhqrxv h{shfwhg fkdqjhv lq wkh vl}h ri wkh krxvhkrog dorqj wkh olih0f|foh/

erwk gxh wr wkh suhvhqfh ri fkloguhq dqg gxh wr h{shfwhg pruwdolw|1 Ixuwkhupruh/ wkh

krxvhkrog ohdyhv d iruhvhhq ehtxhvw wr wkhlu fkloguhq1

41414 Ilupv

Wkh ixqgdphqwdo ehkdylrudo dvvxpswlrq ri wkh frusrudwh vhfwru lv wkdw �upv vwulyh

wr pd{lpl}h wkh glvfrxqwhg ydoxh ri fxuuhqw dqg ixwxuh qhw0ri0wd{0glylghqgv wr wkh

rzqhuv ri wkh vwrfn ri vkduhv lq wkh �up1 Lw lv dvvxphg wkdw wkh �up �qdqfhv lqyhvw0

phqwv e| dq h{rjhqrxv frpelqdwlrq ri ghew dqg uhwdlqhg sur�wv1 Wklv lpsolhv wkdw

wkh glvfrxqwhg ydoxh ri wkh vwuhdp ri glylghqgv lv srvlwlyh +dqg wkxv wkh vkduhv kdyh

d srvlwlyh hfrqrplf ydoxh,1 Wkh srvlwlyh glvfrxqwhg ydoxh ri glylghqgv lv frpsrvhg

ri wkh hduqlqjv rq wkh qrq0ghew �qdqfhg sduw ri wkh fdslwdo vwrfn dqg wkh glvfrxqwhg

ydoxh ri wkh sxuh sur�wv ri wkh �up1 Sxuh sur�wv dsshdu gxh wr wkh idfw/ wkdw wkh qhw

surgxfwlrq ixqfwlrq ri wkh �up lv vwulfwo| frqfdyh/ ehfdxvh ri frqyh{ frvwv ri lqvwdood0

wlrq ri qhz fdslwdo +dqg dovr ri ghsor|lqj h{lvwlqj fdslwdo,1 Ixuwkhupruh/ wkhvh frvwv

lpso| wkdw dq lqglylgxdo �up zloo zdqw wr dgmxvw lwv fdslwdo vwrfn judgxdoo| wrzdugv

d vwdwlrqdu| fdslwdo vwrfn/ li wkh �up lv lq dq hqylurqphqw zlwk frqvwdqw sulfhv dqg

ghpdqg1 Lqyhvwphqwv duh gulyhq e| wkh vr0fdoohg pdujlqdo t0wkhru| ri lqyhvwphqw1

Frqwudu| wr wklv/ zh devwudfw iru wkh wlph ehlqj iurp dq| wxuq0ryhu frvwv ri oderu/

zklfk lpsolhv wkdw wkh hpsor|phqw ghflvlrq grhv qrw ghshqg gluhfwo| rq ixwxuh sulfhv

dqg zdjhv1
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41415 Krxvhkrogv

Wkh krxvhkrog vhfwru frqvlvwv ri ryhuodsslqj jhqhudwlrqv ri krxvhkrogv zlwk d �qlwh

dqg ghwhuplqlvwlf wlph krul}rq1 Wkh prghoolqj ri wkh krxvhkrogv lv dq lqqrydwlrq lq

wkh vhqvh wkdw qhlwkhu wkh Eodqfkdug +4<;8, qru wkh Dxhuedfk dqg Nrwolnr� +4<;:,

dssurdfk wr prghoolqj ryhuodsslqj jhqhudwlrqv lv xvhg1 Wkh jdlqv iurp xvlqj wkh

Eodqfkdug dssurdfk lv wkdw lw doorzv iru dqdo|wlfdo djjuhjdwlrq dfurvv jhqhudwlrqv

dqg wkhuhiruh r�huv frpsxwdwlrqdo vlpsolflw|/ zklfk vljql�fdqwo| uhgxfhv vlpxodwlrq

wlph dqg kdugzduh uhtxluhphqwv1 Wkh frvwv ri shuiruplqj dqdo|wlfdo djjuhjdwlrq kdyh

ehhq frqvlghuhg wrr kljk/ vlqfh lw olplwv wkh vfrsh iru gl�huhqfhv ehwzhhq djhqwv lq wkh

hfrqrp|1 Wkhuhiruh wkh prghoolqj lv edvhg rq qxphulfdo djjuhjdwlrq ri wkh ehkdylru

ri wkh gl�huhqw jhqhudwlrqv1

Krxvhkrogv duh gh�qhg dv uhsuhvhqwdwlyh frxsohv zlwk fkloguhq1 Wkh vl}h ri wkh uhs0

uhvhqwdwlyh krxvhkrog lv d�hfwhg e| wkh h{rjhqrxv djh dqg jhqghu vshfl�f ghdwk

suredelolwlhv ri wkh phpehuv/ dqg e| wkh djh vshfl�f ihuwlolw| udwhv ri zrphq1 Wkh

dgxow phpehuv ri wkh krxvhkrogv duh glylghg lqwr zrunhuv dqg shqvlrqhuv/ dffruglqj

wr dq h{rjhqrxvo| jlyhq uhwluhphqw djh1 Wkh h{solflw lqfrusrudwlrq ri erwk fkloguhq

dqg d uhwluhphqw shulrg jlyhv ulvh wr d olih0f|foh prwlyh iru vdylqj +dqg glvvdylqj, lq

wkh prgho1 Dw wkh hqg ri wkh sodqqlqj krul}rq/ hdfk jhqhudwlrq ri krxvhkrogv ohdyh d

ehtxhvw wr wkhlu fkloguhq1 Djhqwv pd| eh dolyh diwhu wkh hqg ri wkh sodqqlqj krul}rq 0

wkhvh shuvrqv olyh iurp sxeolf wudqvihuv dqg wdnh qr lqghshqghqw hfrqrplf ghflvlrqv

ri wkhlu rzq/ dqg rqh fdq wklqn ri wkhp dv olylqj lq uhvlghqwldo krphv iru hoghuo|

shrsoh1 \rxqjhu jhqhudwlrqv ghulyh xwlolw| iurp frqvxpswlrq ri wkh grphvwlf dqg wkh

iruhljq jrrg/ dqg lqfxu glvxwlolw| iurp wlph vshqw zrunlqj1 Ehtxhvw dovr kdv d srvlwlyh

h�hfw rq wkh grqru*v xwlolw|1

Lqfrph iru wkh frqvxphuv dulvh iurp ; pdlq vrxufhv1 Wkh �uvw lv zdjhv uhfhlyhg iru

wkh krxuv zrunhg/ dqg wkh vhfrqg lv xqhpsor|phqw ehqh�wv iru wkh krxuv wkh| duh

xqhpsor|hg1 E| wkh frqvwuxwlrq ri wkh prgho/ zrun0vkdulqj suhydlov vxfk wkdw hy0

hu|rqh lq wkh oderu irufh lv htxdoo| xqghuhpsor|hg1 Wkh wklug vrxufh ri lqfrph lv

djh0ghshqghqw lqfrph wudqvihuv iurp wkh sxeolf vhfwru/ vxfk dv fklog0fduh wudqvihuv/

hgxfdwlrq ehqh�wv/ dqg vlfnqhvv ehqh�wv1 Wkh irxuwk vrxufh ri lqfrph lv shqvlrq/

zklfk lv jlyhq wr doo shuvrqv zkr duh 94 |hduv rog ru roghu1 Wkh shqvlrq lv lghqwlfdo

iru doo shqvlrqhuv1 Wkh �iwk vrxufh ri lqfrph lv d oxps0vxp wudqvihu wkdw wkh sxeolf

vhfwru pdnhv lq rughu iru wkh exgjhw wr edodqfh hyhu| shulrg1 Wkh vl{wk w|sh ri lq0

frph dulvhv iurp erqgv dqg vkduhv khog e| wkh frqvxphuv1 Wkh vhyhqwk vrxufh ri qhw
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lqfrph lv wudqvihuv iurp deurdg/ vxfk dv dlg wudqvihuv wr ghyhorslqj frxqwulhv dqg qhw

wudqvihuv iurp wkh Hxurshdq Xqlrq1 Wkh �qdo w|sh ri lqfrph dulvhv iurp lqkhulwdqfh

ohiw e| wkh sduhqw krxvhkrog1

41416 Oderu pdunhw

Wkh oderu pdunhw lv dvvxphg wr eh frpshwlwlyh1 Oderu lv d krprjhqrxv jrrg dqg zh

devwudfw iurp lqglylgxdo gl�huhqfhv lq surgxfwlylw|1 Shuvrqv/ zkr ehorqj wr wkh zrun

irufh dqg vxsso| ohvv oderu wr wkh pdunhw wkdq dq lqvwlwxwlrqdoo| �{hg pd{lpxp vxs0

so|/ duh hqwlwohg wr +vxssohphqwdu|, xqhpsor|phqw ehqh�wv1 Wkxv wkh oderu pdunhw

htxloleulxp lpsolhv wkdw djhqwv yroxqwdu| uhgxfh wkhlu lqglylgxdo oderu vxsso| vxfk

wkdw xqghuhpsor|phqw dqg zrun vkdulqj suhydlov1 Wkh fdoleudwhg ohyho ri xqhpsor|0

phqw lq wkh prgho lv wkxv e| dvvxpswlrq hqwluho| yroxqwdu|1

41417 Lqwhuqdwlrqdo uhodwlrqv

Wkh hfrqrp| lv lqwhjudwhg lq wkh zruog hfrqrp| wkurxjk wudgh dqg fdslwdo  rzv1

Pdwhuldov dqg iruhljq frqvxphu jrrgv duh lpsruwhg zkloh wkh grphvwlf surgxfw lv h{0

sruwhg1 Grphvwlf surgxfwlrq lv dq lpshuihfw vxevwlwxwh iru lpsruwhg jrrgv/ lpso|lqj

wkdw wkh whupv ri wudgh lv hqgrjhqrxv1 Ilqdqfldo fdslwdo lv dvvxphg wr eh shuihfwo|

preloh lqwhuqdwlrqdoo|/ dqg wkh h{fkdqjh udwh lv �{hg1 Wkhvh dvvxpswlrq/ wkh devhqfh

ri xqfhuwdlqw| dqg wkh suhvhqfh ri uhvlghqfh edvhg wd{dwlrq ri lqwhuhvw lqfrph/ lpsolhv

wkdw wkh grphvwlf dqg wkh iruhljq suh0wd{ lqwhuhvw udwh duh htxdo1

Wkh iruhljq ghpdqg iru wkh grphvwlf jrrg fdq eh wkrxjkw ri dv ghpdqg ixqfwlrqv

ghulyhg iurp lqwhuwhpsrudo rswlpl}dwlrq ri iruhljqhuv1 Dvvxplqj wkdw iruhljq frq0

vxphuv kdyh xwlolw| ixqfwlrqv/ zklfk duh vlplodu wr wkrvh ri grphvwlf frqvxphuv/ lw

pd| eh sodxvleoh wr dvvxph wkdw wkh iruhljq ghpdqg ixqfwlrq iru wkh grphvwlf jrrg

lv lvrhodvwlf1 Iru vlpsolflw| zh dvvxph wkdw wkh srvlwlrq ri wkh h{sruw ghpdqg fxuyh

lv �{hg wkurxjk wlph1

41418 Wkh sxeolf vhfwru

Wkh jryhuqphqw froohfwv wd{hv/ glvwulexwhv lqfrph wudqvihuv dqg sxufkdvhv wkh grphv0

wlf jrrg1 Lqfrph wudqvihuv duh dvvxphg wr eh erwk djh dqg jhqghu vshfl�f1 Gdwd iru

wkhvh wudqvihuv lq 4<<5 duh rewdlqhg iurp wkh jhqhudwlrqdo dffrxqwlqj surmhfw mrlqw



Vlpsoli|lqj dvvxpswlrqv lq wkh suhvhqw yhuvlrq ri wkh prgho 46

rujdql}hg e| wkh Gdqlvk Plqlvwu| ri Ilqdqfh dqg HSUX +vhh Mdfrevhq hw do1> 4<<:,1

Frqvlvwhqf| uhtxluhv wkdw wkh djhqwv gr qrw ylrodwh wkhlu lqwhuwhpsrudo exgjhw frq0

vwudlqwv1 Iru wkh jryhuqphqw wklv lpsolhv wkdw wkh glvfrxqwhg ydoxh ri jryhuqphqw

ghew kdv wr frqyhujh wr }hur iru wlph dssurdfklqj lq�qlw|> ylrodwlqj wklv phdqv/ wkdw

sulydwh djhqwv duh qrw zloolqj wr krog jryhuqphqw erqgv1 Wr vlpsoli| wkh g|qdplfv/

zh dvvxph wkdw wkh jryhuqphqw xvhv d oxps vxp wudqvihu2wd{ wr nhhs wkh jryhuqphqw

exgjhw edodqfhg lq hyhu| shulrg1

41419 Udwlrqdo h{shfwdwlrqv

Ilqdoo|/ dv phqwlrqhg/ h{shfwdwlrqv duh dvvxphg wr eh udwlrqdo1 Wkhuh lv qr ulvn dqg

xqfhuwdlqw|/ zklfk lpsolhv wkdw djhqwv kdyh shuihfw iruhvljkw/ h{fhsw lq wkh fdvh ri dq

xqdqqrxqfhg fkdqjh lq d srolf| yduldeoh1 Hyhq diwhu vxfk dq h{shulphqw djhqwv duh

dvvxphg wr irup h{shfwdwlrqv zlwk fhuwdlqw|1

415 Vlpsoli|lqj dvvxpswlrqv lq wkh suhvhqw yhuvlrq ri wkh prgho

Ri fhqwudo lpsruwdqfh lq vhwwlqj xs wkh prgho zdv nhhslqj lw vlpsoh dqg dw wkh

vdph wlph euhdn wkh sdwk/ vxfk wkdw ixwxuh ghyhorsphqwv idfh dv ihz uhvwulfwlrqv dv

srvvleoh1 Ri fhqwudo lpsruwdqfh wr wkh suhvhqw yhuvlrq ri wkh prgho duh wkh iroorzlqj

dvvxpswlrqv/ zklfk pd| eh uhod{hg lq odwhu yhuvlrqv +wkhvh dvvxpswlrqv duh glvfxvvhg

lq pruh ghwdlo lq wkh uhpdlqlqj fkdswhuv,=

� Wkhuh duh qr lpshuihfwlrqv lq wkh pdunhwv dqg wkh hqwluh hfrqrp| lv lq d frp0

shwlwlyh htxloleulxp1

� Wkh qrupdol}dwlrqv dqg wkh ixqfwlrqdo irupv lpso| wkdw wkhuh lv qr lqwhuwhp0

srudo vshfxodwlrq lq wkh oderu vxsso|/ l1h1 ohlvxuh lq shulrg | lv qrw vxevwlwxwdeoh

iru ohlvxuh lq rwkhu shulrgv1 Wkh vl}h dqg frpsrvlwlrq ri wkh krxvhkrog grhv

qrw d�hfw wkh oderu vxsso|/ zklfk e| wkh vshfl�fdwlrq ri wkh xwlolw| ixqfwlrq

wxuqv rxw wr ehfrph lghqwlfdo dfurvv jhqghu dqg djh1 Wkhuh duh qr gl�huhqfhv lq

oderu surgxfwlylw| dfurvv lqglylgxdov/ zklfk phdqv wkdw hyhu|rqh vxssolhv xq0

gl�huhqwldwhg oderu1 Ixuwkhupruh/ wkhuh duh qr klulqj dqg �ulqj frvwv1 Doo wkhvh

dvvxpswlrqv lpso| wkdw dw hdfk prphqw ri wlph wkh oderu pdunhw lv prghoohg

dv d vlqjoh vwdwlf frpshwlwlyh pdunhw1
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� Krxvhkrog ehkdylru lv vlpsol�hg1 Hdfk uhsuhvhqwdwlyh krxvhkrog lv dvvxphg wr

frqvlvw ri gl�huhqw djhqwv dffruglqj wr erwk djh dqg jhqghu1 Hdfk ri wkhvh w|shv

ri djhqwv pd| hqwhu wkh xwlolw| ixqfwlrq lq gl�huhqw zd|v1 Krz wkh frpsrvlwlrq

ri wkh krxvhkrog d�hfwv wkh ehkdylru ri wkh lqglylgxdov lq wkh krxvhkrog +h1j1

krz wkh qxpehu ri wkh fkloguhq lq wkh krxvhkrog d�hfwv ihpdoh dqg pdoh oderu

vxsso|, zloo eh wkh vxemhfw ri dq hpslulfdo lqyhvwljdwlrq1 Lq wkh suhvhqw yhuvlrq

ri wkh prgho zh devwudfw iurp h�hfwv ri wkh frpsrvlwlrq ri wkh krxvhkrog rq

wkh oderu vxsso| iru erwk pdoh dqg ihpdohv1

� Wkhuh duh wzr wudgdeoh jrrgv= D grphvwlf dqg d iruhljq

Wkh qh{w vwhsv lq wkh ghyhorsphqw ri wkh prgho zloo fkdoohqjh vrph ri wkhvh vlp0

sol�fdwlrqv1 Iluvw/ e| pruh hoderudwh prghoolqj ri wkh oderu vxsso|/ dqg vhfrqg e|

lqwurgxflqj lpshuihfw frpshwlwlrq lq wkh oderu pdunhw1 D wklug h{whqvlrq zrxog eh wr

lqfuhdvh wkh qxpehu ri jrrgv/ prvw lpsruwdqwo| wr glvwlqjxlvk ehwzhhq qrq0gxudeoh

jrrgv dqg gxudeoh0jrrgv +h1j1 krxvlqj,1 Rshqlqj iru lpshuihfwlrqv lq wkh prghoolqj

zloo eh d judgxdo surfhvv/ vwduwlqj zlwk wkh oderu pdunhw1

416 Ryhuylhz ri wkh sdshu

Wklv vhfwlrq jlyhv dq ryhuylhz ri wkh fkdswhuv wkdw iroorzv1

Fkdswhu 5 lqwurgxfhv wkh ehkdylru ri wkh �upv1 Wkhlu ehkdylru lv qrw hqwluho| dv lq

wkh vwdqgdug fdvh/ ehfdxvh wkhuh duh lqvwdoodwlrq frvwv zkhq h{sdqglqj ru uhsodflqj

wkh fdslwdo vwrfn1 Wklv phdqv wkdw wkh sur�wpd{lpl}lqj �upv dgmxvw wkhlu fdslwdo

vwrfn judgxdoo|/ udwkhu wkdq dw rqfh/ vlqfh judgxdo fkdqjhv plqlpl}hv wkh frvwv ri

lqvwdoodwlrq1 Zkhq wkh prgho lv qrw lq vwhdg| vwdwh/ wklv frqvwuxfw ohdyhv urrp iru

sxuh sur�wv wkdw duh glvwulexwhg edfn wr wkh vkduhkroghuv/ l1h1 wkh frqvxphuv1

Fkdswhu 6 suhvhqwv wkh ghprjudsklf fkdudfwhulvwlfv lq wkh prgho1 Lq wklv uhvshfw wkh

suhvhqw prgho lv lqqrydwlyh zkhq lw frphv wr prghoolqj krxvhkrogv/ vlqfh wkh vl}h ri

wkh krxvhkrog ydulhv ryhu wkh olih0f|foh wr dffrxqw iru fkloguhq ehlqj eruq lqwr wkh

idplo|/ fkloguhq ohdylqj krph dqg h{shfwhg pruwdolw| ri wkh phpehuv ri wkh krxvh0

krog1 Wkh �uvw sduw ri wkh fkdswhu suhvhqwv wkh qhz phwkrg dqg frpsduhv lw wr wkh

wzr wudglwlrqdo rqhv> Dxhuedfk ) Nrwolnr� dqg Eodqfkdug1 Wkhq iroorzv d ghwdlohg

ghvfulswlrq ri krz wkhvh v|qwkhwlf krxvhkrogv duh frqvwuxfwhg/ zklfk edvlfdoo| frphv

grzq wr rujdql}lqj phq/ zrphq dqg fkloguhq lq qxfohdu idplolhv1 Wklug lv d glvfxv0
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vlrq ri krz wkh srsxodwlrq lv suhglfwhg lq wkh prgho/ dqg wkxv krz wkh lpsruwdqw

krxvhkrogv duh iruhfdvwhg1 Ilqdoo| wklv fkdswhu glvfxvvhv wkh frqvhtxhqfhv ri xvlqj

wkh ghprjudsklf vwuxfwxuh vxjjhvwhg1 Lw lv dovr glvfxvvhg zk| dqg xqghu zklfk flu0

fxpvwdqfhv wkh suhvhqw dssurdfk lv dgydqwdjhrxv wr wkh wudglwlrqdo phwkrgv1

Fkdswhu 7 suhvhqwv wkh sureohp idfhg e| wkh krxvhkrogv1 Krxvhkrogv frqvlvw ri

zrphq/ phq dqg srvvleo| fkloguhq olylqj dw krph1 Wkh krxvhkrog*v sureohp lv pd{l0

pl}lqj xwlolw| vxemhfw wr d exgjhw frqvwudlqw1 Wkh ryhudoo xwlolw| ixqfwlrq lv dgglwlyho|

vhsdudeoh lq wkh xwlolw| lq hdfk prphqw lq wlph1 Dw hdfk prphqw lq wlph wkh frqvxphu

ghulyhv xwlolw| iurp frqvxpswlrq dqg lqfxuv glvxwlolw| iurp zrun1 Wkh frqvxphuv dovr

ghulyh xwlolw| iurp ohdylqj d ehtxhvw wr wkhlu fkloguhq zkhq wxuqlqj :; 0 wklv ehtxhvw

lv dovr dgglwlyho| vhsdudeoh lq wkh xwlolw| ixqfwlrq1 Lw wxuqv rxw wkdw wkh vroxwlrq wr wkh

frqvxphu*v sureohp lv wkh vwdqgdug Nh|qhv0Udpvh| frqvxpswlrq vprrwklqj uxoh1

Fkdswhu 8 ghvfulehv wkh djjuhjdwh yduldeohv lq wkh prgho1 Lw lv dovr glvfxvvhg krz wkh

prgho lv forvhg/ zklfk khuh dprxqwv wr ghvfulelqj wkh ehkdylru ri wkh iruhljq vhfwru

dqg wkh sxeolf vhfwru dqg vshfli|lqj wkh htxloleulxp frqglwlrqv iru wkh jrrgv dqg wkh

oderu pdunhw1

Fkdswhu 9 frqwdlqv dq dqdo|wlfdo ghvfulswlrq ri wkh vwdwlrqdu| vwdwh ri wkh prgho1 Lw

lv ghprqvwudwhg wkdw wkh vwdwlrqdu| vwdwh lv xqltxh/ sduwo| dqdo|wlfdoo| dqg sduwo|

qxphulfdoo|1 Iluvw lw lv vkrzq pdwkhpdwlfdoo| wkdw lq vwdwlrqdu| vwdwh wkhuh h{lvwv dq

djjuhjdwh yhuvlrq ri wkh prgho1 Wkhq lw lv vkrzq qxphulfdoo| wkdw zlwk wkh fxuuhqw

fdoleudwlrq ri wkh prgho/ l1h1 zlwk wkh fxuuhqw fkrlfh ri sdudphwhuv/ wkhuh lv rqo| rqh

htxloleulxp1

Fkdswhu : glvfxvvhv krz wkh prgho lv fdoleudwhg1 Iluvw lw lv glvfxvvhg krz fdoleudwlqj

d g|qdplf FJH0prgho gl�huv iurp fdoleudwlqj d vwdwlf prgho1 Khuh lw lv grqh e|

fdoleudwlqj wkh prgho wr d edvh |hdu +4<<8, exw dgmxvwlqj wkh gdwd vhw dffruglqj

wr zkdw d k|srwkhwlfdo vwdwlrqdu| vwdwh iru 4<<8 zrxog kdyh orrnhg olnh1 Xqolnh lq

vwdwlf prghov/ lw lv qrw srvvleoh wr fdoleudwh wkh prgho h{dfwo| wr wkh gdwd vhw ri

d vshfl�f |hdu> wklv pd| ylrodwh wkh lqwhuwhpsrudo frqvlvwhqf| uhtxluhphqwv lq wkh

prgho/ ehfdxvh wkh gdwd vhw lv lqfrqvlvwhqw zlwk wkh dvvxpswlrq ri wkh vwdwlrqdu|

vwdwh1

Fkdswhu ; uhsruwv wkh uhvxowv ri 45 vlpxodwlrqv fduulhg rxw zlwk wkh prgho1 Wkh

h{shulphqwv vkhg vrph oljkw rq krz gl�huhqw sduwv ri wkh prgho uhdfw wr fkdqjhv lq

srolf| yduldeohv1 Wkh �uvw ; ri wkh h{shulphqwv irfxv rq wkh lpsdfwv ri fkdqjhv lq
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ydulrxv wd{ udwhv lq xhqflqj wkh ehkdylru ri krxvhkrogv dqg �upv lq gl�huhqw zd|v1

Wkh qh{w wzr ri wkh h{shulphqwv frqvlvw ri d uhgxfwlrq lq wkh dyhudjh shqvlrqhu djh

dqg d uhgxfwlrq ri ihuwlolw|1 Ilqdoo|/ wkh odvw wzr h{shulphqwv looxvwudwh wkh h�hfwv ri dq

lqfuhdvh lq wkh sxeolf h{shqglwxuh dqg ri dq lqfuhdvh lq wkh djh ghshqghqw wudqvihuv1

Lw vkrxog eh vwuhvvhg wkdw dowkrxjk hpslulfdo hvwlpdwhv duh xvhg/ wkh suhvhqw yhuvlrq

ri wkh prgho fdqqrw eh uhjdughg dv dq hpslulfdo prgho ri wkh Gdqlvk hfrqrp|1 Wkh

fdoleudwhg prgho vkrxog lqvwhdg eh wkrxjkw ri dv d sdudphwul}hg wkhruhwlfdo prgho

dqg wkh vlpxodwlrqv dv d zd| ri h{sorulqj wkh surshuwlhv ri wkh prgho lq d vhwxs zkhuh

wkh sursruwlrqv ri wkh prgho uhvhpeoh wkrvh ri wkh Gdqlvk hfrqrp|1

Wkh rswlpdo lqwurgxfwlrq wr wkh pdwhuldo lv qrw qhfhvvdulo| rewdlqhg e| vwduwlqj zlwk

fkdswhu 5 dqg uhdglqj wkh fkdswhuv lq rughu/ vlqfh vrph fkdswhuv duh pruh gl!fxow

wkdq rwkhuv1 Rq wkh rwkhu kdqg vrph fkdswhuv qhhg wr eh xqghuvwrrg ehiruh rwkhuv1

Fkdswhuv 5 dqg 8 fdq eh uhdg dorqh/ dqg fkdswhu 6 lv d suhuhtxlvlwh iru fkdswhu 71

Rqo| kdylqj xqghuvwrrg wkhvh fkdswhuv zloo lw eh srvvleoh wr xqghuvwdqg fkdswhu 9/

zkhuh hyhu|wklqj frphv wrjhwkhu lq d ghvfulswlrq ri wkh vwhdg| vwdwh1

Iru wkh qrylfh wkdw qhhgv dq lqwurgxfwlrq wr wkh prgho dqg wkh lvvxhv wkdw fdq eh

lqyhvwljdwhg xvlqj lw/ lw lv uhfrpphqghg wr wdnh d orrn dw fkdswhu ;/ ehiruh surfhhglqj1

Wklv fkdswhu frqwdlqv d odujh qxpehu ri h{shulphqwv dffrpsdqlhg e| yhuedo dqg

judsklfdo h{sodqdwlrqv1 Wklv fkdswhu jlyhv d jrrg lghd ri zkdw lv jrlqj rq/ dqg

vkrxog zrun dv dq dsshwl}hu wr uhdg wkh pdlq prgho fkdswhuv +fkdswhuv 5 wr 9,1 Qrwh

krzhyhu/ wkdw wkh h{shulphqwv suhvhqwhg lq wklv fkdswhu duh frqgxfwhg rq dq hduolhu

yhuvlrq ri wkh prgho 0 qdpho| yhuvlrq 4131

417 Dq lpsruwdqw qrwh derxw wkh gdwlqj frqyhqwlrq

Wkurxjkrxw wkh iroorzlqj gdwlqj frqyhqwlrq lv xvhg= Yduldeohv duh gdwhg dffruglqj wr

hqg ri shulrg frqyhqwlrq1 Wklv phdqv wkdw vwrfn yduldeohv wkdw duh dfwlyh lq shulrg h1j1

|n �/ duh qrplqdwhg |/ vlqfh vwrfnv duh xsgdwhg dw wkh hqg ri shulrg1 Iorz yduldeohv

ri shulrg | duh ri frxuvh qrplqdwhg |1 Dv dq h{fhswlrq wr wkh gdwlqj uxoh/ zh dvvxph

wkdw shrsoh duh eruq lq wkh ehjlqqlqj ri wkh shulrg1 Ilqdoo|/ d srolf| vkrfn zklfk klwv

wkh hfrqrp| lq shulrg |c lv dvvxphg wr wdnh sodfh lq wkh ehjlqqlqj ri wkh shulrg/ l1h1

ehiruh ghflvlrqv derxw wkh fxuuhqw  rz yduldeohv duh wdnhq1 Wklv gdwlqj frqyhqwlrq lv

looxvwudwhg lq �jxuh 4



Dq lpsruwdqw qrwh derxw wkh gdwlqj frqyhqwlrq 4:

p o licy  sh o ck
im p lem en te d
in  p e rio d  t+ 1

 sto c k t

flo w t

t 7 LP Ht-1 t+ 1

3HU LR Gt t+ 1

g e n e ra tio n  t-1  e n te rs th e
eco n om y  –  i.e . 1 8 -22

yea rs o f  age in  per io d  t

 stockt+ 1

f lo w t+ 1

Iljxuh 4 Looxvwudwlrq ri wkh hqg ri shulrg gdwlqj uxoh xvhg lq wkh sdshu

Lq wkh prgho 4<<8 lv frqvlghuhg shulrg 3/ dqg wkxv wlph 3 lv xowlpr 4<<81 Wklv phdqv

wkdw wkh �uvw xqnqrzq ru hqgrjhqrxvo| ghwhuplqhg yduldeohv duh  rzv iurp shulrg 4

dqg vwrfnv dw wlph 41
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Fkdswhu 5

SURGXFHUV

Wklv fkdswhu ghvfulehv wkh ehkdylru ri wkh surgxfhuv1 Zh glvwlqjxlvk ehwzhhq wzr fdw0

hjrulhv ri surgxfhuv= sulydwh surgxfhuv +dovr odehoohg �upv, dqg jryhuqphqwdo surgxf0

huv1 Wkhlu ehkdylrxu lv vshfl�hg lq pxfk wkh vdph zd|1 Rqh yhu| lpsruwdqw h{fhswlrq

lv wkdw �upv duh dvvxphg wr shuirup lqwhuwhpsrudo rswlpl}dwlrq zkloh jryhuqphqwdo

surgxfhuv duh qrw1

Wkh pdlq uhdvrq iru glvwlqjxlvklqj ehwzhhq sulydwh dqg jryhuqphqwdo surgxfhuv lq

wklv yhuvlrq/ zklfk lv rwkhuzlvh kljko| djjuhjdwhg zlwk uhvshfw wr surgxfhuv/ lv wr

rewdlq d pruh dffxudwh fdoleudwlrq ri wkh dvvhwv ri krxvhkrogv1 Wkh grplqdqw lwhp ri

wkhvh duh wkh krxvhkrogv* fodlp rq wkh ydoxh ri wkh sulydwh fdslwdo vwrfn1 E| glvwlq0

jxlvklqj ehwzhhq sulydwh dqg jryhuqphqwdo surgxfhuv/ wkh frqvlghudeoh ydoxh ri wkh

jryhuqphqwdo fdslwdo vwrfn fdq eh h{foxghg iurp wkh dvvhwv ri krxvhkrogv1

Lqvlgh hdfk fdwhjru| ri surgxfhuv zh dvvxph wkdw wkh djhqwv duh lghqwlfdo1 Vlqfh doo

�upv lq wkh hfrqrp| duh dvvxphg wr eh lghqwlfdo/ dqg vlqfh hdfk �up lv d sulfh wdnhu

lq erwk lqsxw dqg rxwsxw pdunhwv/ lw lv vx!flhqw wr dqdo|}h wkh ehkdylru ri d uhs0

uhvhqwdwlyh �up1 Wkh �uvw vhfwlrq rxwolqhv wkh �up*v sureohp dqg wkh vhfrqg vhfwlrq

jrhv wkurxjk wkh �uvw rughu frqglwlrqv fkdudfwhul}lqj wkh vroxwlrq wr wkh sureohp1

Wkh wklug vhfwlrq rxwolqhv wkh jryhuqphqwdo surgxfhu*v pxfk vlpsohu sureohp dqg

wkhq h{dplqhv wkh vroxwlrq1

514 Wkh �up*v sureohp

Wkh ydoxh ri �upv lv ghwhuplqhg iurp dq duelwudjh frqglwlrq/ zklfk vwdwhv wkdw wkh

jdlqv iurp lqyhvwlqj lq vkduhv pxvw sd| wkh vdph |lhog diwhu wd{ dv lqyhvwlqj lq erqgv1

Wkh dvvxpswlrq ri shuihfw fdslwdo prelolw| dqg devhqfh ri xqfhuwdlqw| lpsolhv wkdw

grphvwlf dqg iruhljq erqgv duh shuihfw vxevwlwxwhv1 Wkhuhiruh d wd{0dgmxvwhg yhuvlrq

ri wkh xqfryhuhg lqwhuhvw sdulw| +XLS, krogv lq wkh prgho1 Devhqfh ri h{fkdqjh udwh
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pryhphqwv lpsolhv wkdw wkh grphvwlf lqwhuhvw udwh diwhu wd{ lq htxloleulxp lv htxdo wr

wkh iruhljq lqwhuhvw udwh diwhu wd{1 Zlwk d uhvlghqfh edvhg wd{dwlrq ri shuvrqdo fdslwdo

lqfrph wklv lpsolhv wkdw wkh grphvwlf +suh0wd{, lqwhuhvw udwh lv htxdo wr wkh iruhljq

+suh0wd{, lqwhuhvw udwh1

Vlqfh Gdqlvk shuvrqdo fdslwdo lqfrph wd{dwlrq lv d uhvlghqfh edvhg wd{/ zh dvvxph dv

d vwduwlqj srlqw wkdw wkh pdujlqdo Gdqlvk lqyhvwru lv d grphvwlf flwl}hq/ zkr lv vxemhfw

wr Gdqlvk grphvwlf wd{ odzv14 Wklv dvvxpswlrq lv qrw lqqrfhqw iru wzr uhdvrqv1 Iluvw/

iruhljq lqyhvwruv pd| eh wkh pdujlqdo vrxufh ri ixqgv/ li grphvwlf wd{ odzv jlyh kljkhu

lqfhqwlyhv wr lqyhvwphqw lq erqgv wkdq grhv iruhljq wd{ odzv +dvvxplqj doo frxqwulhv

xvh d uhvlghqfh edvhg wd{,1 Lq wklv fdvh iruhljq wd{ udwhv duh wkh uhohydqw rqhv1 Vhfrqg/

d odujh sduw ri Gdqlvk vdylqjv wdnh sodfh lq shqvlrq ixqgv/ zklfk duh qrw vxemhfw wr

wkh vdph wd{ odzv dv flwl}hqv1 Wkh wd{ odzv jlyh shqvlrq ixqgv lqfhqwlyh wr lqyhvw lq

vkduhv1

Wkh frqvhtxhqfh ri wkh dvvxpswlrq pdgh pd| eh wkdw wkh h�hfw ri fkdqjhv lq shuvrqdo

lqfrph wd{dwlrq rq wkh pdunhw ydoxh ri vkduhv pd| eh h{djjhudwhg e| wkh prgho1

Jlyhq wkh dvvxpswlrq wkdw wkh pdujlqdo lqyhvwru lv vxemhfw wr Gdqlvk wd{ odzv dqg

wkh idfw wkdw wkhuh lv qr ulvn lq wkh prgho/ wkh pdujlqdo lqyhvwru zloo eh lqgl�huhqw

ehwzhhq lqyhvwlqj lq erqgv dqg lq vkduhv li

or E�� |o
r
�Tr3� '

�
�� |_

r

�
(r n E�� |}

r
� ETr � Tr3�� +514,

zkhuh or lv wkh lqwhuhvw udwh htxdo wr wkh zruog lqwhuhvw udwh/ zklfk lq d zruog zlwk

shuihfw prelolw| ri �qdqfldo fdslwdo lv h{rjhqrxvo| jlyhq iru wkh vpdoo rshq hfrqrp|1

Tr lv wkh +hqg ri shulrg, ydoxh ri wkh �up1 (r lv wkh glylghqgv1 Wkh wd{ udwhv duh=

|o
r
/ wd{ udwh rq lqwhuhvw lqfrph/ |_

r
/ wd{ udwh rq glylghqg lqfrph/ dqg/ |}

r
/ wd{ udwh rq

fdslwdo jdlqv1

Wkh ohiw kdqg vlgh lv wkh rssruwxqlw| frvw ri kroglqj vkduhv/ zkhuhdv wkh uljkw kdqg

vlgh lv wkh vxp ri glylghqgv dqg fdslwdo jdlqv diwhu wd{/ zklfk lv htxdo wr wkh wrwdo

lqfrph iurp kroglqj wkh ydoxh Tr3� lq vkduhv1

Revhuyh wkdw gxh wr wkh srvvlelolw| ri gl�huhqw wd{ udwhv wkh lqyhvwru lv qrw lqgl�huhqw

ehwzhhq d xqlw lqfuhdvh lq wkh +suh0wd{, glylghqgv dqg d xqlw lqfuhdvh lq wkh +suh0wd{,

pdunhw ydoxh ri vkduhv1 D xqlw ghfuhdvh lq wkh glylghqgv pd| eh frpshqvdwhg e| �3|
_

r

�3|
}

r

xqlwv lqfuhdvh lq wkh pdunhw ydoxh ri vkduhv1 Vlploduo|/ d 4 shufhqwdjh srlqw lqfuhdvh
4E| shuvrqdo fdslwdo lqfrph wd{dwlrq zh phdq= wd{dwlrq ri shuvrqdo lqwhuhvw lqfrph/ glylghqg

wd{dwlrq dqg wd{dwlrq ri fdslwdo jdlqv1 Revhuyh wkdw frusrudwh lqfrph wd{dwlrq lv vrxufh edvhg1
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lq wkh +suh0wd{, lqwhuhvw udwh uhtxluhv dq lqfuhdvh lq wkh pdunhw ydoxh ri vkduhv ri �3|
o

r

�3|
}

r

shufhqwdjh srlqwv iru wkh dueulwudjh frqglwlrq +514, wr krog1 Wkhvh wd{ dgmxvwphqw

idfwruv zloo dsshdu iuhtxhqwo| lq wkh h{suhvvlrqv frqfhuqlqj wkh ehkdylru ri wkh �up1

Uhduudqjlqj wkh gl�huhqfh htxdwlrq +514, dqg ohdglqj wkh uhvxowlqj htxdwlrq rqh sh0

ulrg |lhogv

Tr '
��

� n orn�
E�3|o

rn��
E�3|}

rn��

� %�
�� |_

rn�

��
�� |}

rn�

�(rn� n Trn�

&
+515,

Ohdglqj wkh h{suhvvlrq iru Tr rqh shulrg dqg lqvhuwlqj wkh uhvxowlqj ydoxh ri Trn�
edfn lqwr wkh h{suhvvlrq deryh |lhogv

Tr '
�#

�norn�

E�3|o
rn��

E�3|}
rn��

$
597E�3|_rn��E�3|}

rn��
(rn� n

3EC �#
�norn2

E�3|o
rn2�

E�3|}
rn2�

$
�
E�3|_

rn2�
E�3|}

rn2�
(rn2 n Trn2

�4FD
6:8

Vroylqj iruzdug |lhogv

Tr '
"[

|'rn�

�� |_
|

�� |}
|

(|

|\
�'rn�

�

� n o�
�
�3|

o

�

�3|
}

�

� +516,

Wkh pdunhw ydoxh ri wkh �up lv jlyhq dv d wd{ dgmxvwhg glvfrxqwhg vwuhdp ri glylghqgv1

Revhuyh wkdw jlyhq rxu gdwlqj frqyhqwlrqv/ Tr lv wkh hqg0ri0shulrg pdunhw ydoxh ri wkh

�up1 Zh dvvxph wkdw hdfk �up vwulyhv wr pd{lpl}h wkh ehjlqqlqj0ri0shulrg ydoxh ri

wkhlu rxwvwdqglqj vwrfn ri vkduhv/ zklfk lv jlyhq dv wkh hqg0ri0shulrg pdunhw ydoxh ri

vkduh soxv wkh wd{0dgmxvwhg glylghqgv lq wkh fxuuhqw shulrg1 Wkxv zh dvvxph wkdw wkh

�up pd{lpl}hv wkh wd{ dgmxvwhg vwuhdp ri fxuuhqw dqg glvfrxqwhg ixwxuh glylghqgv

iurp wkh �up1 Wkh pdqdjhuv ri wkh �upv pd{lpl}h wklv ydoxh jlyhq wkh dvvxpswlrq

ri shuihfw iruhvljkw dqg vxemhfw wr wkh surgxfwlrq whfkqrorj|1 Wr vroyh wklv sureohp

zh gh�qh glylghqgv dw wlph |c (|c dv

(| ' E�� |S
|
�
�
R�
|
t �

|
� R��

|
��

|
� E� n |@

|
�`|u

�

|
� o|�

S

|3�

�
�R�U

|
U�
|
n |S

|

	B| 	g|3� n
�
�S

|
��S

|3�

�
+517,

zkhuh R�
|
lv wkh +surgxfhu,sulfh ri �up*v rxwsxw/ t �

|
lv wkh +qhw, surgxfwlrq ri wkh

�up/ R��
|

lv wkh sulfh lqgh{ ri pdwhuldov xvhg e| wkh �up/��

|
lv wkh lqsxw ri pdwhuldov/

|@
|
lv wkh sd|uroo wd{ udwh/ `| lv wkh zdjh udwh/ u�

|
lv �up hpsor|phqw/ �S

|3�
lv wkh

vwrfn ri frusrudwh ghew dw wkh ehjlqqlqj ri shulrg |/ R�U
|

lv wkh sulfh lqgh{ ri wkh
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�up*v lqyhvwphqwv/ U�
|
lv wkh �up*v lqyhvwphqw/ 	g|3� lv wkh errn ydoxh ri wkh fdslwdo

vwrfn jlyhq wkh wd{ v|vwhp/ 	B| lv wkh udwh ri ghsuhfldwlrq doorzhg e| wkh wd{ v|vwhp

dqg |S
|
lv wkh frusrudwh wd{ udwh51

Wr dyrlg wkh fruqhu vroxwlrq surshuwlhv ri wkh rswlpdo �qdqflqj ghflvlrq ri wkh �upv

+zklfk dsshduv gxh wr wkh qrq qhxwudolw| ri wkh wd{ v|vwhp dqg wkh devhqfh ri xqfhu0

wdlqw| lq wkh prgho,/ zh prgho frusrudwh ghew dv d �{hg iudfwlrq ri wkh uhsodfhphqw

ydoxh ri wkh fdslwdo vwrfn

�S

|
' }R�U

|
g�

|
c f 	 } 	 � +518,

zkhuh g�

|
lv wkh fdslwdo vwrfn ri wkh �up16

Lqvhuwlqj +518, lqwr +517, lpsolhv wkdw lqyhvwphqwv duh �qdqfhg e| uhwhqwlrqv soxv ghew/

dqg wkh uhvlgxdo fdvk  rz lv dozd|v glvwulexwhg wr wkh rzqhuv1 Wklv lv wkh vr0fdoohg

�qhz ylhz ri glylghqg wd{dwlrq�1

Revhuyh/ wkdw wkh h{rjhqrxv �qdqflqj uxoh ri wkh �up lpsolhv wkdw glylghqgv zloo

whpsrudulo| ehfrph qhjdwlyh lq fdvh ri d vx!flhqwo| odujh errvw lq lqyhvwphqw1 Wklv

lv gxh wr wkh idfw wkdw wkh �qdqflqj uxoh �{hv wkh ghew0�qdqfhg sduw ri wkh h{sdq0

vlrq lq lqyhvwphqw wr }� Lq wklv fdvh wkh �up froohfwv qhjdwlyh glylghqgv iurp lwv

vkduhkroghuv17

Wkh hyroxwlrq ri wkh fdslwdo vwrfn dqg wkh errn ydoxh ri wkh fdslwdo vwrfn jlyhq wkh

wd{ v|vwhp/ duh dvvxphg wr eh vxemhfw wr h{srqhqwldo ghfd| dqg duh wkxv jlyhq e|8

g�

|
'

�
�� B�

�
g�

|3�
n U �

|
c f 	 B� 	 �c � ' �cC +519,

	g| '
�
�� 	B|

�
	g|3� n R�U

|
U�
|
c f 	 	B| 	 � +51:,

5Frusrudwh wd{dwlrq lv qrq0qhjdwlyh dqg wkhuh lv d olplwhg srvvlelolw| ri ghgxfwlrq ri sdvw gh�flwv
dffruglqj wr Gdqlvk wd{ odzv1 Lq wkh vwdwlrqdu| vwdwh wkh uhodwlrq lpsolhv wkdw wkh ghsuhfldwlrq
doorzdqfh lv htxdo wr wkh gluhfw frvw ri lqyhvwphqw/ a� aN @ sL +�N, = Vhh htxdwlrq +519, dqg +51:,1 Wklv
dvvxuhv d qrq0qhjdwlyh wd{ uhyhqxh lq wkh vwdwlrqdu| vwdwh1
Wkh idfw wkdw wkh uhodwlrq +517, pd| |lhog qhjdwlyh wd{ uhyhqxhv lq fdvh ri vkdus uhfhvvlrqv/ wkxv

lpsolflwo| lpsolhv wkdw wkh �upv lq wkh prgho duh doorzhg xqolplwhg fduu|0iruzdug ri wd{ orvvhv zlwk
ixoo lpsxwdwlrq ri lqwhuhvw1

6Revhuyh/ wkdw wkh gh�qlwlrq ri wkh vwrfn ri frusrudwh ghew ghyldwhv iurp wkh vwdqgdug gdwlqj
surfhgxuh ri wklv sdshu1 Wklv lpsolhv wkdw lw lv qrw wkh �wuxh� uhsodfhphqw ydoxh1

7Lq wkh h{shulphqwv shuiruphg lq wkh suhvhqw sdshu wklv skhqrphqrq grhv qrw dsshdu1
8Wkh vxshuvfulsw l lqglfdwhv zkhwkhu wkh yduldeoh uhsuhvhqwv wkh sulydwh surgxfhu +l @ S , ru wkh

jryhuqphqwdo surgxfhu +l @ J,1 Vrph yduldeohv dv iru h{dpsoh eNw duh rqo| gh�qhg iru wkh sulydwh
vhfwru dqg iru frqyhqlhqfh wkh| duh qrw vxssolhg zlwk vxfk d vxshuvfulsw1
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Iljxuh 5 looxvwudwhv wkh dvvxphg whfkqrorj| ri wkh surgxfhuv1 Lw lv dvvxphg wkdw wkh

whfkqrorj| ri wkh �up dqg wkh jryhuqphqwdo surgxfhu fdq eh uhsuhvhqwhg e| wkh vdph

ixqfwlrqdo irup1 Wkh xsshu sduw ri �jxuh 5 rxwolqhv wkh dvvxphg surgxfwlrq ixqfwlrq

zklfk lv vshfl�hg dv wzr0idfwru FHV +vxe, surgxfwlrq ixqfwlrqv qhvwhg dv lqglfdwhg dw

wkh �jxuh1 Dw wkh wrs ohyho pdwhuldov lv frpelqhg zlwk ydoxh dgghg wr surgxfh jurvv

rxwsxw1 Pdwhuldov duh rewdlqhg e| frpelqlqj jryhuqphqwdoo| surgxfhg pdwhuldov dqg

sulydwho| surgxfhg pdwhuldov1 Ilqdoo|/ sulydwho| surgxfhg pdwhuldov fdq eh hlwkhu ri

grphvwlf ru iruhljq ruljlq1

Gross output
a<

L

Materials
0

L

Value added
+

L

Labor
/

L

Capital
.

L

Gov. produced
0

L*

Priv. produced
0

L3

Domestic origin
0

L3'

Foreign origin
0

L3)

Investments
,

L

Domestic origin
,

L'

Foreign origin
,

L)

L 3: Private producer (firm)
L *: Governmental producer

Iljxuh 5 Wkh whfkqrorj| ri wkh surgxfhuv

Wkhuh duh qr lpsruwhg pdwhuldov zklfk duh fodvvl�hg dv ehlqj jryhuqphqwdoo| sur0

gxfhg1 Ydoxh dgghg lv dq djjuhjdwh ri oderu dqg fdslwdo1 Wkh fdslwdo vwrfn lv fkdqjhg

e| lqyhvwphqwv/ dqg �jxuh 5 dovr lqglfdwhv wkdw wkh djjuhjdwh lqgh{ ri �upv* lqyhvw0

phqwv lv d pl{ ri lqyhvwphqw jrrgv ri grphvwlf dqg iruhljq ruljlq1 Wkhuh duh qr

lqyhvwphqw jrrgv surgxfhg e| wkh jryhuqphqw vhfwru +hlwkhu grphvwlf ru iruhljq,1

Vwdwhg irupdoo| wkh qhw surgxfwlrq/ t �
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zkhuh x�EU �
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� lv wkh frvw ri lqvwdoodwlrq ri fdslwdo/ zklfk lv vshfl�hg ehorz19 Wkh

jurvv surgxfwlrq ixqfwlrq �t �
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� h{klelwv frqvwdqw uhwxuqv wr vfdoh dqg lv
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zkhuh zh gh�qh M �

|

dv d FHV lqgh{ ri oderu dqg fdslwdo xvhg lq surgxfwlrq lq vhfwru

� +� ' � lqglfdwhv wkh sulydwh vhfwru dqg � ' C lqglfdwhv wkh jryhuqphqwdo vhfwru,/

� �

|

lv d FHV lqgh{ ri sulydwho| dqg jryhuqphqwdoo| surgxfhg pdwhuldov xvhg lq vhfwru

�/ zkloh � ��

|

lv d FHV lqgh{ ri sulydwho| surgxfhg pdwhuldov ri grphvwlf/ � ��(/ dqg

iruhljq/ � ��8 / ruljlq xvhg lq vhfwru �/ dqg � �C

|

lv jryhuqphqwdoo| surgxfhg pdwhuldov

xvhg lq vhfwru � zklfk duh doo ri grphvwlf ruljlq1 Lq wkh FHV ixqfwlrqv >
�

: f iru

� 5 i�t�c �t Mc �t Mgc �t Muc �t��c �t�Cc �t ��(c �t��8j duh zhljkw

sdudphwhuv1 j
�t

: f +dqg 9' �, lv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq pdwhuldov

dqg wkh fdslwdo0oderu djjuhjdwh1 Vlploduo| j
�t M

: f +dqg 9' �, lv wkh hodvwlflw| ri

vxevwlwxwlrq ehwzhhq fdslwdo dqg oderu/ j
�t�

: f +dqg 9' �, lv wkh hodvwlflw| ri vxe0

vwlwxwlrq ehwzhhq sulydwho| dqg jryhuqphqwdoo| surgxfhg pdwhuldov/ zkloh j
�t��

: f

+dqg 9' �, lv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq sulydwho| surgxfhg pdwhuldov ri

grphvwlf ruljlq dqg iruhljq ruljlq1 Li wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq dq| ri wkh

wzr sdluv dssurdfkhv xqlw|/ wkh dvvrfldwhg FHV ixqfwlrq uhgxfhv wr d Free0Grxjodv

ixqfwlrq1

Wkh ixqfwlrq uhsuhvhqwlqj wkh frvw ri lqvwdoodwlrq ri fdslwdo lq wkh sulydwh vhfwru/
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mc  : f +5146,

9Lqvwdoodwlrq frvwv duh dvvxphg wr eh }hur iru wkh jryhuqphqwdo surgxfhu1
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Wkh ixqfwlrq lqglfdwhv wkdw wkh frvwv ri lqvwdoodwlrq qrw rqo| ghshqgv rq wkh dprxqw

ri lqyhvwphqw/ exw dovr rq wkh vl}h ri wkh h{lvwlqj fdslwdo vwrfn/ lq wkh zd| wkdw frvwv

glplqlvk wkh eljjhu g�

|3�
lv1 Wkh qxphulf vljqv durxqg wkh lqyhvwphqwv pdnh vxuh

wkdw wkh frvwv duh srvlwlyh erwk lq fdvh ri srvlwlyh dqg qhjdwlyh jurvv lqyhvwphqwv1

Wkh lqgh{ ri wkh lqyhvwphqw jrrg xvhg lq vhfwru � lv gh�qhg dv d FHV djjuhjdwh ri

wkh grphvwlf dqg wkh iruhljq jrrg
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duh wkh sduwv ri lqyhvwphqw zklfk duh surgxfhg grphvwlfdoo| uhvshf0

wlyho| deurdg1 >
�U(

: fc >
�U8

: f c duh zhljkw sdudphwhuv/ dqg j
�U

: f +dqg 9' �, lv wkh

hodvwlflw| ri vxevwlwxwlrq ehwzhhq wkh grphvwlf dqg wkh iruhljq sduw ri wkh lqyhvwphqw

lqgh{1

Jlyhq wkdw wkh uhsuhvhqwdwlyh �up dv phqwlrqhg lv d sulfh wdnhu lq doo pdunhwv/ zh pd|

vwdwh wkh pd{lpl}dwlrq sureohp ri wkh �up dw wlph r dv d wzr vwdjh sureohp/ zkhuh

wkh �up lq wkh �uvw vwdjh fkrrvhv wkh rswlpdo ydoxhv ri wkh lqgh{hv/ U�
|
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� Dw wkh vhfrqg vwdjh wkh �up fkrrvhv wkh rswlpdo frpsrvlwlrqv
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4@ 
Eu�

|
c U

�

|
c�

�

|
�
"

|'r

�� |_
r

�� |}
r

(
r

n
"[

|'rn�

�� |_
|

�� |}
|

(
|

|\
�'rn�

�

� n o
�

�
�3|o

�

�3|
}

�

�
r�|� +5147,

(
|

' E�� |S
|

�
�
R�
|

t �

|

� R��
|

��

|

� E� n |@
|

�`
|

u�

|

� o
|

�S

|3�

�
�R�U

|

U�
|

n |S
|

	B
|

	g
|3� n�S

|

��S

|3�

t �

|

' 8�

�
��

|

cg�

|3�
c u�

|

��x� EU�
|

c g�

|3�
�

g�

|

'
�
�� B�

�
g�

|3�
n U�

|

	g
|

'
�
�� 	B

|

�
	g
|3� n R�U

|

U�
|

�S

|

' }R�U
|

g�

|

Qrz lqvhuw +519, lqwr +518, dqg ixuwkhu lqvhuw wklv uhzulwwhq htxdwlrq iru wkh vwrfn

ri frusrudwh ghew wrjhwkhu zlwk +51;, dqg +518, odjjhg rqh shulrg lqwr +517,1 Wkh

Kdplowrqldq dvvrfldwhg zlwk wkh sureohp deryh lv wkhq jlyhq e|
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|3� duh wkh vwdwh yduldeohv dqg b�| dqg b2| duh wkh vkdgrz sulfhv rq wkh vwdwh

yduldeohv lq wkh rughu mxvw phqwlrqhg1 Wkh frpsrxqg lqwhuhvw idfwru -
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515 Iluvw rughu frqglwlrqv wr wkh �up*v sureohp
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Wkh �uvw ghulydwlyhv ri wkh lqvwdoodwlrq frvwv ixqfwlrq duh jlyhq e|

Yx�

YU�
EU�

|

c g�

|3�
� ' E� n �

x� EU�
|

c g�

|3�
�

U�
|

+5155,

Yx�

Yg�

EU�
|

c g�

|3�
� ' �

x� EU�
|

c g�

|3�
�

g�

|3�

+5156,

Wkh �uvw wzr frqglwlrqv duh vwdqgdug vwdwlf frqglwlrqv1 Htxdwlrq +514:, vwdwhv wkdw

wkh pdujlqdo surgxfw ri oderu lq rswlpxp lv htxdo wr wkh uhdo pdujlqdo frvw ri od0

eru1 Revhuyh wkdw hpsor|phqw wd{hv +sd|uroo wd{hv, vkliw wkh ghpdqg iru oderu lq0

zdug2grzqzdug lq d vwdqgdug oderu ghpdqg gldjudp1 Wkh qhvwhg FHV vshfl�fdwlrq

ri wkh surgxfwlrq ixqfwlrq lpsolhv wkdw oderu ghpdqg lv jlyhq lpsolflwo| dv d ixqfwlrq

ri wkh qhw surgxfwlrq dqg wkh lqgh{ ri grphvwlf lqsxw1

Vlploduo|/ htxdwlrq +514;, lpsolflwo| jlyhv wkh ghpdqg iru pdwhuldov1 Wkh htxdwlrq

vwdwhv/ wkdw lq rswlpxp wkh pdujlqdo surgxfw ri pdwhuldov lv htxdo wr wkh uhdo sulfh ri

pdwhuldov1 Wkh htxdwlrq jryhuqlqj wkh rswlpdo lqyhvwphqw ghflvlrq lv jlyhq lq +514<,1

Wkh lqwhusuhwdwlrq ri wklv htxdwlrq lv dovr wkdw lq rswlpxp wkh pdujlqdo frvw ri

lqyhvwphqw lv htxdo wr wkh pdujlqdo ehqh�wv iurp lqyhvwphqw1 Wkh pdujlqdo frvw lv

jlyhq rq wkh ohiw0kdqg vlgh1 Wkh frvwv duh wkh vxp ri wkh gluhfw frvwv ri lqyhvwphqw wr

wkh rzqhuv ri wkh �up/ dqg wkh lqgluhfw frvwv dvvrfldwhg zlwk wkh orvv ri surgxfwlrq/

gxh wr wkh lqvwdoodwlrq ri wkh dgglwlrqdo fdslwdo htxlsphqw1 Erwk w|shv ri frvwv duh

fruuhfwhg e| wkh wd{ dgmxvwphqw idfwru/ zklfk dssolhv wr wkh vwuhdp ri glylghqgv1

Revhuyh wkdw lqfuhdvlqj wkh ghew udwlr ri wkh �up uhgxfhv wkh gluhfw frvw wr wkh

rzqhuv/ dv wkh| kdyh wr �qdqfh d vpdoohu iudfwlrq ri wkh lqyhvwphqw1 Wkh ehqh�wv ri

dq lqyhvwphqw duh wzrirog1 Iluvw/ lw dggv wr wkh fdslwdo vwrfn ri wkh �up1 Wkh vkdgrz

sulfh/ b�|/ lv wkh pdujlqdo ydoxh ri dq dgglwlrqdo xqlw ri fdslwdo wr wkh rzqhuv ri

wkh �up1 Vhfrqg/ lw dggv wr wkh ghsuhfldwlrq doorzdqfh ri wkh �up1 Wkh ydoxh ri wkh

ghsuhfldwlrq doorzdqfh lqfuhdvhv zlwk wkh gluhfw frvw ri wkh dgglwlrqdo fdslwdo xqlw1

Wkh vkdgrz sulfh/ b2|/ phdvxuhv wkh pdujlqdo ydoxh ri d xqlw ghsuhfldwlrq doorzdqfh wr

wkh rzqhuv ri �up1 Wkh wrwdo ehqh�w lv wkh vxp ri wkhvh wzr h�hfwv1 Wkh ghwhuplqdwlrq

ri wkh h{suhvvlrqv iru wkh wzr vkdgrz sulfhv duh jlyhq lq wkh wzr �qdo �uvw rughu

frqglwlrqv1 Wkhvh duh wkh frqglwlrqv iru wkh vwrfn yduldeohv ri wkh sureohp;1

Iluvw/ wkh vkdgrz sulfh ri ghsuhfldwlrq doorzdqfh wr wkh rzqhuv ri wkh �up/ b2| lv

irxqg dv wkh vroxwlrq wr wkh gl�huhqfh htxdwlrq +5154,/ zklfk lv lqghshqghqw ri rwkhu

;Wkh h{suhvvlrqv duh ghgxfhg iurp wkh qhfhvvdu| frqglwlrqv CKw

CNw�4

@ Uw�4�4+w�4, dqg
CKw

C aNw�4

@

Uw�4�5+w�4, uhvshfwlyho|1



5; SURGXFHUV

hqgrjhqrxv yduldeohv1 Wr fdofxodwh wkh h{suhvvlrq zh vroyh htxdwlrq +5154, iru b2E|3��
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Wkxv b2| lv jlyhq dv wkh wd{0dgmxvwhg glvfrxqwhg vwuhdp ri wkh ydoxh ri ghsuhfldwlrq

doorzdqfh ri d xqlw ri fdslwdo lq wkh hqwluh wlph krul}rq1 Wkh glvfrxqwlqj frqwdlqv

erwk wkh ghsuhfldwlrq ri wkh errn ydoxh dqg wd{ dgmxvwhg udwh ri lqwhuhvw1 Wkxv b2|
phdvxuhv wkh lqfuhdvh lq wkh pdunhw ydoxh ri wkh �up zklfk lv gxh wr wkh ghsuhfldwlrq

doorzdqfhv ri d pdujlqdo xqlw ri fdslwdo wkdw lv nhsw lq wkh �up iruhyhu1

Vlploduo| wkh h{suhvvlrq +5153, pd| eh vroyhg iru b�E|3��� Ohdglqj wklv h{suhvvlrq
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b�| lv jlyhq dv wkh glvfrxqwhg vwuhdp ri wkh yduldeohfrc zkhuh wkh glvfrxqwlqj frqwdlqv

erwk sk|vlfdo ghsuhfldwlrq dqg wkh wd{0dgmxvwhg udwh ri lqwhuhvw1fr lv wkh wd{0dgmxvwhg

pdujlqdo h�hfw rq wkh fxuuhqw glylghqgv ri dq lqfuhdvh lq wkh vwrfn ri fdslwdo1 D

pdujlqdo fdslwdo xqlw �uvw ri doo d�hfwv wkh glylghqgv/ wkurxjk wkh pdujlqdo uhyhqxh

surgxfw ri fdslwdo1 Wkh pdujlqdo uhyhqxh surgxfw kdv wzr frpsrqhqwv= D vwdqgdug

gluhfw h�hfw rq jurvv surgxfwlrq dqg dq lqgluhfw h�hfw wkurxjk d uhgxfwlrq lq wkh

frvw ri lqvwdoodwlrq ri qhz fdslwdo xqlwv1 Vhfrqgo|/ wkurxjk wkh h{rjhqrxv �qdqfldo
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uxoh/ dq lqfuhdvh lq wkh fdslwdo vwrfn lqfuhdvhv wkh vwrfn ri ghew dqg wkhuhiruh wkh

lqwhuhvw sd|phqwv ri wkh �up/ zklfk uhgxfhv wkh wd{ dgmxvwhg glylghqgv1 Ilqdoo|/ dv

wkh �up ghew0�qdqfhv d �{hg udwlr ri wkh qrplqdo ydoxh ri fdslwdo vwrfn/ dq lqfuhdvh

lq wkh fdslwdo vwrfn/ lqfuhdvhv wkh fdslwdo jdlq +ru orvv, iurp kroglqj fdslwdo/ zklfk

jhqhudwhv lqfuhdvhg glylghqgv wkurxjk lqfuhdvhg ghew ri wkh �up1

Wkxv b�| phdvxuhv wkh lqfuhdvh lq wkh pdunhw ydoxh ri wkh �up zklfk lv gxh wr wkh

fxuuhqw dqg glvfrxqwhg ixwxuh lqfuhdvh lq wkh wd{0dgmxvwhg ydoxh ri qhw surgxfwlrq

fruuhfwhg iru lqfuhdvhg �qdqfldo frvwv1

Revhuyh wkh gl�huhqfh ehwzhhq +5158, dqg +515:,= Wkh vkdgrz sulfh ri wkh fdslwdo

vwrfn/ b�| lv d�hfwhg e| wkh h{rjhqrxv ghew udwlr ri wkh �up/ zkhuhdv wkh vkdgrz

sulfh ri wkh ghsuhfldwlrq doorzdqfh/ b2| lv qrw1 Wkh odwwhu lv gxh wr wkh idfw/ wkdw wkh

ghsuhfldwlrq doorzdqfh lqfuhdvhv wkh hduqlqjv diwhu frusrudwh wd{dwlrq ri wkh �up/

luuhvshfwlyho| ri krz wkh fdslwdo vwrfn lv �qdqfhg1 Wkxv ghsuhfldwlrq doorzdqfh lv

fdslwdol}hg lqwr lqfuhdvhg ydoxh ri wkh vwrfn ri rxwvwdqglqj vkduhv1

Wkh �uvw rughu frqglwlrqv +5153, dqg +5154, pd| dovr eh lqwhusuhwhg gluhfwo| dv xvhu

frvw h{suhvvlrqv +ru duelwudjh frqglwlrqv,1 Htxdwlrq +5153, vwdwhv/ wkdw lq rswlpxp

wkh pdujlqdo lqfuhdvh lq wkh glylghqg iurp d pdujlqdo fdslwdo xqlw +wkh ohiw kdqg vlgh

ri wkh htxdwlrq, lv htxdo wr wkh xvhu frvw ri kroglqj fdslwdo +wkh uljkw kdqg vlgh,1

Wkh xvhu frvw ri kroglqj fdslwdo +wkh uljkw kdqg vlgh, frqvlvwv ri wkh vxp ri wkh wd{

dgmxvwhg iruhjrqh lqwhuhvw sd|phqwv dqg wkh +wuxh, frvwv ri sk|vlfdo ghsuhfldwlrq soxv

d srvvleoh fdslwdo orvv gxh wr wkh fkdqjh lq wkh vkdgrz sulfh ri fdslwdo wr wkh rzqhuv1

Htxdwlrq +5154, kdv d vlplodu lqwhusuhwdwlrq1

51514 Wkh ghpdqg v|vwhp ri wkh �up

Wkh ghpdqg iru wkh lqsxwv ri wkh �up fdq eh ghfulehg e| d vwdqgdug FHV0ghpdqg

v|vwhp1 Wr gr wklv zh lqwurgxfh d qhz yduldeoh��g�

|
/ zklfk lv wkh pdujlqdo surgxfw

ri fdslwdo lq wkh jurvv surgxfwlrq ixqfwlrq
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Vxevwlwxwlqj lqwr +5153,/ zh jhw wkh iroorzlqj htxdwlrq
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+515;,/ +5163, dqg +5164, vkrzv wkdw wkh rswlpdo idfwru ghpdqgv fdq eh uhjdughg dv

wkh vroxwlrqv wr wkh iroorzlqj sur�w pd{lpl}dwlrq sureohp
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fdq eh uhjdughg dv d sulfh ri fdslwdo1 +515;,/ +5163, dqg

+5164, duh wkh vwdqgdug qhfhvvdu| frqglwlrqv iru d vroxwlrq wr +5165, jlyhq wkh gh�ql0

wlrq ri ��g�

|

1 Wkhuhiruh wkhruhp 6 ri dsshqgl{ E/ jlylqj wkh FHV vwdqgdug idfwru

ghpdqg ixqfwlrqv/ fdq eh dssolhg1 Wdnlqj wkh qhvw vwuxfwxuh ri wkh jurvv surgxfwlrq

ixqfwlrq lqwr dfrxqw/ zh rewdlq wkh idfwru ghpdqgv
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<Irupdoo|/ +514:, dqg +514;, kdv qrw ehhq ghulyhg iru l @ J1 Krzhyhu/ wkh| duh vwdqgdug rswlpdolw|
uhtxluhphqwv zklfk duh hdvlo| vkrzq wr dsso| wr wkh jryhuqphqwdo surgxfhu/ jlyhq wkh dvvxpswlrqv
ri lqvwdqwdqwdqrxv dgmxvwphqw lq wkh ghpdqg iru oderu dqg pdwhuldov +dv rssrvhg wr fdslwdo,1
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Wkh lqwhusuhwdwlrq lv vwudljkwiruzdug1 Frqvlghu iru h{dpsoh wkh wrs qhvw +5169,0+516;,1

Iru d jlyhq43 jurvv surgxfwlrq/ ht �

|

/ lw ghwhuplqhv wkh ghpdqg iru wkh lqgh{ ri pdwhul0

dov/ � �

|
/ dqg wkh ydoxh dgghg lqgh{/ M �

|
1 Wkh srvlwlrq ri wkh ghpdqg fxuyh +5169, iru

wkh lqgh{ ri pdwhuldov/ � �

|

/ ghshqgv rq wkh ohyho ri jurvv rxwsxw/ ht �

|

/ dqg wkh zhljkw

sdudphwhu/ >
�t �

/ udlvhg wr wkh srzhu j
�t
1 Wkh vorsh ri wkh ghpdqg fxuyh ghshqgv rq

plqxv wkh hodvwlflw| ri vxevwlwxwlrq/ �j
�t
1 Qrwh wkdw vlqfh wkh pdwhuldov sulfh lqgh{/

R��
|
/ dovr h�hfwv wkh jurvv rxwsxw lqgh{/ R�

|
/ fi1 +516;,/ wkh sulfh hodvwlflw| gl�huv iurp

�j
�t

dqg dovr ghshqgv rq wkh zhljkw sdudphwhuv1 Wkh ghpdqg fxuyh +5169, pryhv dv

R��
|

fkdqjhv1 Wkh ghpdqg fxuyh +516:, iru wkh ydoxh dgghg lqgh{/ M �

|
/ lv lqwhusuhwhg

vlploduo|1 +516;, ghwhuplqhv wkh sulfh lqgh{ iru jurvv rxwsxw/ R�
|

/ e| htxdwlqj lw wr wkh

xqlw frvwv ohdylqj qr h{fhvv sur�wv144

Jlyhq wkh ghpdqg iru wkh ydoxh dgghg lqgh{/ M �

|

/ ghwhuplqhg lq wklv zd|/ +5166,0

+5168, ghwhuplqh wkh ghpdqg iru wkh lqsxwv oderu/ u�
|
/ dqg fdslwdo g �

|
1 Lq wkh vkruw

uxq/ zkhuh wkh fdslwdo vwrfn lv jlyhq/ wkh pdujlqdo surgxfw ri fdslwdo/��g�

|

/ pxvw lq

idfw dvvxph wkdw ydoxh zklfk dvvxuhv wkdw wkh jlyhq vwrfn ri fdslwdo/ g�

|3�
/ lv dfwxdoo|

ghpdqghg1 Wklv ihhgv edfn rq wkh sulfh ri ydoxh dgghg/ R�M
|

/ fi1 +5168,/ dqg wkh rxwsxw

sulfh/ R�
|
/ fi1 +516;,1 Iru �upv/ wkh pdujlqdo surgxfw ri fdslwdo/ ��g�

|
/ d�hfwv wkhlu

vkdgrz sulfh ri pdujlqdo fdslwdo/ b�|/ wkurxjk +515<,1 Wklv kdv ixuwkhu uhsxufxvvlrqv

iru �upv* lqyhvwphqwv/ U�
|
/ fi1 +514<,/ zklfk ihhgv edfn rq wkhlu fdslwdo vwrfn1

51515 Lqwudwhpsrudo rswlpl}dwlrq

Jlyhq wkdw wkh rswlpdo ohyho ri� �

|
kdv ehhq ghwhuplqhg/ wkh ghpdqg iru wkh sulydwho|

uhvshfwlyho| wkh sxeolfo| surgxfhg sduw ri wkh lqgh{ fdq eh irxqg e| plqlpl}lqj

wkh frvw ri rewdlqlqj wkh lqgh{1 Wkh ghpdqgv duh wkh vroxwlrqv wr wkh plqlpl}dwlrq
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43Wkh jurvv surgxfwlrq lv ri frxuvh qrw jlyhq h{rjhqrxvo| wr wkh �upv exw d�hfwhg e| �up eh0
kdylru1 Lq fkdswhu 8 wkh htxloleulxp frqglwlrq htxdwlqj vxsso| +rxwsxw, wr ghpdqg lv glvsod|hg1

44Lq wkh whuplqrorj| ri vwdqgdug vwdwlf FJH0prghov/ +516;, lv d }hur sur�w frqglwlrq 0 jlyhq wkdw
wkh sulfh ri fdslwdo lv htxdo wr sl
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1 Dowhuqdwlyho| rqh frxog vd| wkdw sl
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kdv ehhq gh�qhg

vxfk wkdw +516;, dfwv dv d }hur sur�w frqglwlrq1



65 SURGXFHUV

zkhuh � �

|
lv frqvlghuhg jlyhq/ � ��

|
lv wkh lqgh{ ri pdwhuldov xvhg lq vhfwru � exw

surgxfhg lq wkh sulydwh vhfwru/ R���

|

lv wkh dvvrfldwhg sulfh lqgh{/ � �C

|

lv wkh lqgh{

ri pdwhuldov xvhg lq vhfwru � exw surgxfhg lq wkh sxeolf vhfwru/ dqg R��C

|
lv wkh sulfh

ri sxeolfo| surgxfhg pdwhuldov xvhg lq vhfwru �1 Djdlq xvlqj Dsshqgl{ E/ wkhruhp 4/

zh kdyh wkdw wkh ghpdqg iru sulydwho| surgxfhg pdwhuldov lv htxdo wr
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kdyh ehhq ghwhuplqhg/ wkh ghpdqg iru wkh grphvwlf

uhvshfwlyho| wkh iruhljq sduw ri wkh lqgh{ pd| eh irxqg e| plqlpl}lqj wkh frvw ri

rewdlqlqj wkh vshfl�f lqgh{1 Wkh ghpdqgv duh wkh vroxwlrqv wr wkh plqlpl}dwlrq
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kdylqj wkh vdph sulfh lq doo dssolfdwlrqv1 Wkh sulfh ri wkh iruhljq jrrg lv lpsolflwo|

dvvxphg wr eh htxdo wr rqh1 Djdlq xvlqj dsshqgl{ E zh kdyh wkdw wkh ghpdqg iru
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dqg wkh sulfh lqgh{ ri sulydwho| surgxfhg pdwhuldov lv ghwhuplqhg dv
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/ pd| dqdorjrxvo| eh irxqg e| plqlpl}lqj wkh frvw ri rewdlqlqj wkh

vshfl�f lqgh{1 Wkh ghpdqgv duh wkh vroxwlrqv wr wkh plqlpl}dwlrq sureohpv
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51516 Jryhuphqwdo surgxfhuv

Iroorzlqj wkh qdwlrqdo dffrxqwv frqyhqwlrqv/ wkh jryhuqphqwdo vhfwru lq GUHDP

surgxfhv pdlqo| qrq0pdunhwhg jrrgv dqg vhuylfhv ri zklfk dq ryhuzkhoplqj sduw duh
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gholyhuhg gluhfwo| wr sxeolf frqvxpswlrq1 Sxeolfo| rzqhg �upv zklfk pdlqo| surgxfhv

iru d pdunhw duh fodvvl�hg dv sduw ri wkh sulydwh vhfwru1

Dv ghvfulehg lq wkh suhfhhglqj vhfwlrq/ wkh jryhuqphqwdo surgxfwlrq dqg idfwru gh0

pdqgv duh prghoohg lq pxfk wkh vdph zd| dv wkh surgxfwlrq dqg idfwru ghpdqgv ri

wkh sulydwh vhfwru �upv1 Rqh lpsruwdqw h{fhswlrq lv wkdw zh gr qrw dvvxph dq| lq0

whuwhpsrudo rswlpl}dwlrq ri wkh sxeolf vhfwru1 Sxeolf +jurvv, lqyhvwphqwv duh lqvwhdg

dvvxphg wr dprxqw wr d frqvwdqw vkduh ri ryhudoo JGS1 Wrjhwkhu zlwk wkh fdslwdo

dffxpxodwlrq lghqwlw| wklv ghwhuplqhv wkh ghyhorsphqw ri wkh sxeolf fdslwdo vwrfn1

Wkxv/ wkh ydoxh ri wkh pdujlqdo surgxfw ri fdslwdo fdq ghyldwh ehwzhhq wkh sulydwh

dqg wkh sxeolf vhfwru ehfdxvh wkh sxeolf fdslwdo vwrfn lv qrw ghwhuplqhg e| +lqwhuwhp0

srudo, rswlpl}dwlrq1 Wklv lv d fuxgh zd| wr prgho wkh ehkdylrxu ri srolf|0pdnhuv/

zklfk mxvw dvvxuhv wkdw wkh vl}h ri wkh sxeolf vhfwru uhodwlyh wr wkh sulydwh vhfwru lv

eurdgo| xqfkdqjhg145 Iru vlpsolflw| lw lv dvvxphg wkdw wkhuh duh qr lqvwdoodwlrq frvwv

ri lqyhvwphqwv lq wkh sxeolf vhfwru1

Jlyhq wkh srolwlfdoo| ghwhuplqhg lqyhvwphqwv dqg fdslwdo vwrfn/ wkh sxeolf ghpdqgv

iru wkh uhpdlqlqj lqsxwv oderu dqg pdwhuldov ri gl�huhqw ruljlqv duh ghwhuplqhg dorqj

wkh olqhv ri wkh sulydwh vhfwru �upv/ l1h1 lw lv dvvxphg wkdw wkh sxeolf vhfwru plqlpl}hv

frvwv vxemhfw wr d qhvwhg FHV0whfkqrorj| dqg jlyhq wkh fdslwdo vwrfn1 Wkxv hyhq

wkrxjk wkh sxeolf vhfwru grhv qrw vxevwlwxwh ehwzhhq fdslwdo dqg oderu soxv pdwhuldov

lq dq hfrqrplf rswlpdo zd| lw lv vwloo dvvxphg wkdw lw vxevwlwxwhv ehwzhhq oderu dqg

ydulrxv pdwhuldov lq dq rswlpdo zd| 0 jlyhq wkh fdslwdo vwrfn1

Irupdoo|/ wkh h{shqglwxuhv rq sxeolf lqyhvwphqwv duh ghwhuplqhg dv d frqvwdqw vkduh

ri ryhudoo qrplqdo JGS
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zkhuh UC
|

lv wkh lqgh{ ri sxeolf lqyhvwphqwv/ RUC
|

lv wkh dvvrfldwhg sulfh lqgh{/ et
|
lv

qrplqdo JGS dv gh�qhg lq +8154, lq fkdswhu 8/ dqg V lv wkh vkduh1 Wkh sxeolf fdslwdo

vwrfn/ gC

|

/ dffxpxodwhv dffruglqj wr +519,1

Iru frqyhqlhqfh/ lw dvvxphg wkdw wkhuh duh qr lqvwdoodwlrq frvwv iru wkh sxeolf vhfwru1

Wklv lpsolhv wkdw jurvv surgxfwlrq dqg qhw surgxfwlrq duh lghqwlfdo/ l1h1 �t C

|
' t C

|
1

Wkh idfwru ghpdqg htxdwlrqv ri wkh jryhuqphqwdo vhfwru duh vshfl�hg dqdorjrxvo| wr

45Dqdorjrxvo|/ sxeolf frqvxpswlrq lv dvvxphg wr dprxqw wr d frqvwdqw iudfwlrq ri JGS1 Doo lwhpv
ri wkh sxeolf exgjhw duh ghwhuplqhg zlwkrxw dq| uhihuhqfh wr lqwhuwhpsrudo rswlpl}dwlrq/ fi1 fkdswhu
8161
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wkh idfwru ghpdqg htxdwlrqv ri wkh sulydwh vhfwru/ fi1 wkh suhfhglqj vhfwlrq 5151 Qrwh

wkdw wkh uhvxowlqj FHV idfwru ghpdqg htxdwlrq iru sxeolf fdslwdo/ fi1 +5166,
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ghwhuplqhv wkh pdujlqdo surgxfw ri sxeolf fdslwdo/ ��gC
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/ hyhq lq wkh orqj uxq/

ehfdxvh wkh fdslwdo vwrfn/ gC

|

/ lv ghwhuplqhg iurp +519,1
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GHPRJUDSKLF VWUXFWXUH

Prghoolqj ryhuodsslqj jhqhudwlrqv ri krxvhkrogv lq frpsxwdeoh jhqhudo htxloleulxp

prghov lv w|slfdoo| edvhg rq hlwkhu Eodqfkdug +4<;8, ru Dxhuedfk dqg Nrwolnr�

+4<;:,1 Wkh suhvhqw prgho/ krzhyhu/ glvwlqjxlvkhv lwvhoi e| ghyhorslqj d qhz dssurdfk

wr prghoolqj krxvhkrogv1 Lq wkh iroorzlqj wklv qhz dssurdfk lv suhvhqwhg eulh |/ dqg

dq ryhuylhz ri wkh wzr wudglwlrqdo phwkrgv lv jlyhq1

Lq wkh Eodqfkdug prgho/ wkh krxvhkrog dw hdfk prphqw ri wlph idfhv d +frqvwdqw,

suredelolw| ri ghdwk dqg hdfk krxvhkrog lv hqjdjhg lq d ghdo zlwk d olih lqvxudqfh

frpsdq|1 Wkh lqvxudqfh frpsdq| wdnhv ryhu wkh vwrfn ri zhdowk dv wkh krxvhkrog

glhv1 Wr frpshqvdwh iru wklv/ wkh krxvhkrog uhfhlyhv dq dqqxlw| suhplxp/ dv orqj dv

lw vwd|v dolyh14 E| dvvxpswlrq wkh ghdo lv dfwxduldo idlu/ vxfk wkdw wkhuh duh qr sur�wv

+dqg qr dgplqlvwudwlrq frvwv, lq wkh lqvxudqfh vhfwru1 Wkh frqvwuxfwlrq lpsolhv wkdw/

wkhuh lv qr ehtxhvw lq wkhvh prghov1 Rqh pdmru dgydqwdjh ri prghoolqj krxvhkrog

ehkdylru wklv zd| lv wkdw dqdo|wlfdo djjuhjdwlrq ryhu krxvhkrogv ri gl�huhqw djhv lv

srvvleoh1 Xqiruwxqdwho| wklv lv rqo| srvvleoh li vrph udwkhu uhvwulfwlqj dvvxpswlrqv

duh pdgh rq wkh gl�huhqfhv ehwzhhq djhqwv lq wkh hfrqrp|15

Dxhuedfk dqg Nrwolnr� dvvxph lq wkhlu prgho/ wkdw krxvhkrogv ri gl�huhqw djhv gl�hu

e| wkh ohyho ri oderu surgxfwlylw|/ +dvvxphg wr eh d kxps0vkdshg ixqfwlrq ri wkh

djh ri wkh jhqhudwlrq, dqg wkdw hdfk krxvhkrog kdv d ghwhuplqlvwlf dqg �qlwh wlph

krul}rq1 Ehtxhvw lv devhqw lq wkhlu ruljlqdo prgho/ vxfk wkdw hdfk jhqhudwlrq kdv d

vwrfn ri zhdowk ri }hur/ zkhq wkh| glh1 Odwhu h{whqvlrqv olnh Vwhljxp dqg Vwh�hqvhq

+4<<3,/ Nhqf dqg Shuudxglq +4<<:, dqg Odvvlod/ Sdop dqg Ydonrqrhq +4<<:, doorz

4Wkh Gdqlvk Oderxu Pdunhw Shqvlrqv Ixqgv fdq eh vhhq dv lqvwlwxwlrqv zklfk uhvhpeohv wkh
lqvxudqfh frpsdqlhv lq wkh Eodqfkdug prgho1 Wkhuh duh wzr gl�huhqfhv= Iluvw/ wkh dqqxlw| suhplxp
lv dffxpxodwhg xqwlo wkh phpehu uhdfkhv wkh uhwluhphqw djh1 Vhfrqg/ wkh lqvxudqfh lq wkh Gdqlvk
shqvlrq ixqgv lv rqo| sduwldo/ dv wkh lqvxudqfh ghdo rqo| frqfhuqv wkh sduw ri wkh krxvhkrog*v vwrfn
ri zhdowk/ zklfk lv wkh dffxpxodwhg vwuhdp ri vdylqjv lq wkh shqvlrq ixqg1

5Wkh ehkdylru ri frqvxphuv lq wkh HSUX0prgho lv edvhg rq wklv lghd1 Vhh Mhqvhq hw do1 +4<<9,1
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iru d srvlwlyh ehtxhvw prwlyh1 Ilqdoo|/ Fkdxyhdx dqg Orx!u +4<<:, doorz erwk iru d

srvlwlyh ehtxhvw prwlyh dqg iru dq xqfhuwdlq olihwlph1

Wkh lqfoxvlrq ri ehtxhvw lq wkh prgho kdv wkh h�hfw wkdw wkh krxvhkrogv* lqfhqwlyh wr

vdyh lv lqfuhdvhg1 Wkxv dw dq| jlyhq prphqw ri wlph wkh vwrfn ri �qdqfldo zhdowk lq wkh

hfrqrp| lv lqfuhdvhg fhwhulv sdulexv1 Ixuwkhupruh/ lqfoxvlrq ri ehtxhvw lpsolhv wkdw

wkh h�hfwv ri xqdqwlflsdwhg vkrfnv wr wkh hfrqrp| ehfrph pruh judgxdo/ ehfdxvh

wkh jhqhudwlrqv dolyh uhdfw e| fkdqjlqj wkh ehtxhvw dv zhoo dv wkh frqvxpswlrq lq

hdfk shulrg1 Vlqfh wkh ehtxhvw lv wkh lqkhulwdqfh wr wkh ixwxuh jhqhudwlrq/ wkh wrwdo

lqfrph ri wklv jhqhudwlrq lv d�hfwhg gluhfwo|1 Wkxv wkh ehtxhvw ehkdylru ri wkh vhfrqg

jhqhudwlrq lq xhqfhv wkh wklug jhqhudwlrq dqg vr rq1 Lq wklv zd|/ wkh kljkhu zhljkw

hdfk jhqhudwlrq sodfhv rq ehtxhvw lq wkh xwlolw| ixqfwlrq/ wkh orqjhu zloo wkh hfrqrp|*v

uhdfwlrq wr d vkrfn eh1

Lq wkh lqlwldo yhuvlrq ri wkh suhvhqw prgho/ oderu surgxfwlylw| lv dvvxphg wr eh lghqwl0

fdo dfurvv jhqhudwlrqv1 Krzhyhu/ wkh suhvhqw sdshu glvwlqjxlvkhv lwvhoi e| frqvlghulqj

wkh krxvhkrog dv d ghflvlrq0xqlw frqvlvwlqj ri d frxsoh ri dgxowv wkdw pd| kdyh fklo0

guhq olylqj dw krph1 Wkh uhsuhvhqwdwlyh krxvhkrog ri hdfk jhqhudwlrq dv d ghflvlrq

xqlw kdv d ghwhuplqlvwlf �qlwh sodqqlqj krul}rq1 Wkh lqglylgxdo phpehuv ri wkh krxvh0

krog idfh dq xqfhuwdlq olihwlph dowkrxjk wkh krxvhkrog dv vxfk grhv qrw1 Wklv lpsolhv

wkdw wkh vxuylylqj sduw ri wkh krxvhkrog uhwdlqv xqglylghg srvvhvvlrq ri wkh vwrfn ri

zhdowk/ xqwlo wkh krul}rq ri wkh krxvhkrog h{sluhv1

Wkh frqvwuxfwlrq ri wkhvh krxvhkrogv lv ghvfulehg lq ghwdlo lq wkh iroorzlqj vhfwlrq/

dqg wkh uhvw ri wkh fkdswhu lv rujdql}hg dv iroorzv= Wkh vhfrqg vhfwlrq ghvfulehv krz

wkh vl}h dqg frpsrvlwlrq ri wkh krxvhkrogv duh iruhfdvwhg lq wkh suhvhqw prgho1 Lq wkh

wklug vhfwlrq d ghvfulswlrq ri wkh frqvwuxfwhg gdwd vhulhv lv jlyhq/ dqg �qdoo|/ wkh odvw

vhfwlrq glvfxvvhv wkh lpsolfdwlrqv ri wkh ghprjudsklf vwuxfwxuh xvhg lq wkh suhvhqw

prgho1 Lw lv dovr glvfxvvhg zk| dqg xqghu zklfk flufxpvwdqfhv wkh suhvhqw dssurdfk

lv dgydqwdjhrxv wr wkh wudglwlrqdo phwkrgv1

614 Frqvwuxfwlrq ri wkh uhsuhvhqwdwlyh krxvhkrogv

Wkh vwduwlqj srlqw lv wkh vwdwlvwlfv rq srsxodwlrq e| jhqghu dqg djh lq 4<<8 iru Ghq0

pdun1 Wklv lv xvhg wr glylgh wkh srsxodwlrq lqwr jhqhudwlrqv dffruglqj wr eluwk0|hdu1

Rqh jhqhudwlrq frqvlvwv ri doo shuvrqv eruq lq d vshfl�f |hdu1 Wr frqyhuw wkh jhqhu0

dwlrq ri lqglylgxdov lqwr +v|qwkhwlf, uhsuhvhqwdwlyh krxvhkrogv zh xvh wkh iroorzlqj
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dvvxpswlrqv dqg jhqhudol}dwlrqv=

41 Wkhuh lv rqh uhsuhvhqwdwlyh krxvhkrog lq hdfk jhqhudwlrq1

51 D uhsuhvhqwdwlyh krxvhkrog lv gh�qhg dv frxsohv ri dgxow pdohv dqg dgxow

ihpdohv/ zlwk fkloguhq ehorz wkh djh ri 4; |hduv ehorqjlqj wr wkh krxvhkrog

ri wkhlu prwkhu1

61 Wkh krxvhkrog vl}h lv phdvxuhg lq dgxow0htxlydohqwv/ dv zloo eh h{sodlqhg

odwhu1

71 Vlqfh wkh wzr sduwlhv qhhg qrw eh eruq lq wkh vdph |hdu/ wkh djh ri wkh

krxvhkrog lv gh�qhg lq whupv ri wkh djh ri wkh ihpdoh1

81 Wkh sodqqlqj krul}rq iru d krxvhkrog +d zrpdq, lv 93 |hduv1 Fruuhvsrqg0

lqjo| wkh h{shfwhg olihwlph iru d 4; |hdu rog zrpdq zdv :; |hduv lq 4<<81

91 Wkh krxvhkrog +dv d ghflvlrq xqlw, h{shfwv zlwk fhuwdlqw| wr vxuylyh xqwlo

wkh hqg ri wkh sodqqlqj krul}rq1 Krzhyhu/ wkh vl}h ri wkh uhsuhvhqwdwlyh

krxvhkrog lv h{shfwhg wr eh uhgxfhg ryhu wlph dffruglqj wr wkh lqglylgxdo

suredelolw| ri ghdwk ri wkh phpehuv ri wkh krxvhkrog1 Wklv lv htxlydohqw wr

dq dvvxpswlrq wkdw d vxuylylqj phpehu ri wkh krxvhkrog zloo dozd|v h{lvw

dqg wkdw wklv phpehu uhwdlqv xqglylghg srvvhvvlrq ri wkh hvwdwh1 Wkh idfw/

wkdw fkloguhq duh eruq lqwr wkh krxvhkrog dqg odwhu ohdyh krph dw wkh djh

ri 4; +wr irup d krxvhkrog ri wkhlu rzq,/ dovr d�hfwv wkh vl}h ri wkh sduhqw

krxvhkrog1

:1 Wkh dgxowv lq wkh krxvhkrog |rxqjhu wkdq 94 duh dfwlyh lq wkh oderu pdunhw/

dqg vxevhtxhqwo| wkh| uhwluh dqg ehfrph shqvlrqhuv1

;1 Shuvrqv vxuylylqj wkh sodqqlqj krul}rq ri wkh krxvhkrog +l1h1 zkhq wkh

zrpdq wxuqv :;,6 duh dvvxphg rqo| wr uhflhyh vrfldo vhfxulw| shqvlrqv/ sd|

wd{hv dqg frqvxph wkh uhvw/ l1h1 wkh gr qrw vxsso| oderu/ vdyh ru srvvhvv

dvvhwv1

Vrph ri wkhvh lghdv duh looxvwudwhg lq �jxuh 6 ehorz1 Wkh frxuvh ri olih lv vsolw lqwr

5 pdlq skdvhv= fklogkrrg +ehorz 4; |hduv, dqg dgxowkrrg +4; |hduv dqg deryh,1

Fkloguhq ehorqj wr wkhlu sduhqw krxvhkrog/ zklfk lv grqh e| dvvrfldwlqj wkhp zlwk

wkhlu prwkhu1 Dgxowkrrg fdq eh glylghg lqwr wzr skdvhv= rqh ri dfwlylw| dqg rqh ri

6Revhuyh/ wkdw phq zkr duh roghu wkdq :: |hduv exw pduulhg wr zrphq/ zkr duh |rxqjhu wkdq
:; |hduv/ gr qrw vwrs hfrqrplf dfwlylwlhv ehiruh wkhlu zlihv wxuq :; |hduv1
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sdvvlylw|1 Rqo| wkh dfwlyh jurxs lv lqwhuhvwlqj dv lqghshqghqw hfrqrplf djhqwv/ vlqfh

wkh sdvvlyh jurxs lv wdnlqj qr hfrqrplf ghflvlrqv ri wkhlu rzq1 Wkh jryhuqphqw wdnhv

fduh ri wkhp/ dqg rqh fdq wklqn ri wkhp dv olylqj lq uhvlghqwldo krphv iru hoghuo|

shrsoh1

78

PassiveActive

Type of individual

Economic status

RetiredWorking
Labor market participation

AdultsChildren

61180

78610

Age of men

Age of women

Active RU passive

COUPLE

Economic status for men

18

Iljxuh 6 Wkh frxuvh ri olih iru zrphq dqg phq lq wkh prgho

Ixuwkhupruh/ lw lv srvvleoh wr glylgh wkh dfwlyh shulrg ri olih lq wzr skdvhv= wkh �uvw

zlwk dfwlylw| lq wkh oderu pdunhw +l1h1 zrunlqj ru ehlqj xqhpsor|hg, dqg wkh vhfrqg

shulrg dv uhwluhg dqg qrw vxsso|lqj oderu1 Dv zloo eh dffrxqwhg iru pruh wkrurxjko|

lq wkh qh{w fkdswhu/ shrsoh duh dvvxphg wr uhwluh dw djh 94/ zklfk phdqv wkdw wkh

shulrg zlwk dfwlylw| lq wkh oderu pdunhw odvwv iurp 4; wr 94 |hduv1

Odwhu lw zloo eh h{sodlqhg krz krxvhkrogv/ dv suhylrxvo| phqwlrqhg/ duh iruphg iurp

lqglylgxdov/ exw iru qrz lw zloo vx!fh wr wklqn ri d jurxs ri zrphq dw d vshfl�f

djh +h1j1 doo 7: |hduv rog, ehlqj mrlqhg zlwk d jurxs ri phq1 Wkh srlqw looxvwudwhg

lq �jxuh 6 lv wkdw hyhq wkrxjk wkh jurxs ri zrphq lv eruq lq wkh vdph |hdu/ wklv lv

qrw wkh fdvh iru wkh jurxs ri phq wr zkrp wkh| duh mrlqhg1 Iru wkh jurxs ri zrphq

lqglfdwhg e| wkh eodfn vtxduh/ wklv phdqv wkdw vlqfh wkh| duh hfrqrplfdoo| dfwlyh/

wkhlu sduwqhuv duh dovr hfrqrplfdoo| dfwlyh/ hyhq li wkhvh +phq, duh pruh wkdq ::

|hduv rog1 Krzhyhu/ hyhq wkrxjk wkh zrphq duh sduwlflsdwlqj lq wkh oderu pdunhw +dv

lqglfdwhg lq wkh eodfn vtxduh lq �jxuh 6,/ wklv qhhg qrw eh wkh fdvh iru wkh jurxs

ri phq ehorqjlqj wr wkhlu krxvhkrog> vrph fdq eh zrunlqj/ vrph fdq eh uhwluhg dqg
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vrph fdq hyhq eh pruh wkdq :; |hduv rog1

Wklv looxvwudwhv wkh vrphzkdw dv|pphwulf wuhdwphqw ri phq dqg zrphq zkhq lw

frphv wr ghwhuplqlqj zkhwkhu wkh| duh dfwlyh ru sdvvlyh1 Zkhq zrphq wxuq :; wkh|

ehfrph sdvvlyh dqg vwrs doo hfrqrplf dfwlylw|/ dqg vr grhv wkhlu sduwqhu luuhvshfwlyho|

ri zkhwkhu ru qrw wkh| kdyh wxuqhg :; wkhpvhoyhv1 Wkxv zkhwkhu d pdq roghu wkdq

:: lv dfwlyh ru sdvvlyh lv qrw ghwhuplqhg e| klv rzq djh/ exw udwkhu e| wkh djh ri wkh

zrpdq kh lv dvvljqhg wr17

Krzhyhu/ v|pphwu| ehwzhhq wkh jhqghuv suhydlov zkhq lw frphv wr djh dqg oderu

pdunhw sduwlflsdwlrq1 Zkhwkhu d pdq lv zrunlqj ru uhwluhg iurp wkh oderu pdunhw/

lv uhodwhg wr klv rzq djh/ dqg qrw wkh djh ri klv krxvhkrog1 Qrwh/ wkdw wklv grhv qrw

suhfoxgh wkh srvvlelolw|/ wkdw wkh hodvwlflw| ri klv oderu vxsso| zlwk uhvshfw wr zdjhv

duh lq xhqfhg e| wkh djh ri wkh zrpdq wr zklfk kh lv dvvljqhg1

Wr vxp xs/ lw lv lpsruwdqw wr ehdu lq plqg wkdw lw lv wkh djh ri wkh zrpdq wkdw

ghwhuplqhv wkh krxvhkrog djh/ dqg wklv djh ghwhuplqhv zkhwkhu wkh krxvhkrog lv

dfwlyh ru sdvvlyh> iru wklv sxusrvh wkh djh ri wkh pdq grhv qrw pdwwhu1 Wkxv/ vlqfh

hdfk krxvhkrog lv gh�qhg lq whupv ri wkh djh ri wkh zrpdq/ lw lv qhfhvvdu| wr dvvljq

phq dqg fkloguhq wr d zrpdq1 Wklv lv grqh lq d pdqqhu ghvfulehg lq wkh qh{w vxe

vhfwlrq1

Ehiruh zh surfhhg qrwh wkdw wkh srsxodwlrq yduldeohv ri wkh prgho zloo eh lqwurgxfhg

zkhq wkh| zloo eh qhhghg dv zh jr dorqj1 Wkh qrwdwlrq lv udwkhu frpsoh{ 0 vhyhudo

vxevfulswv dqg vxshuvfulswv zloo eh xvhg vhsdudwho| dqg lq frpelqdwlrq1 Wkhuhiruh dq

h{sodqdwlrq iru wkh frqvwuxfwlrq ri wklv qrwdwlrq dqg dq ryhuylhz ri wkh yduldeohv duh

jlyhq lq dsshqgl{ D1

61414 Phq/ zrphq dqg wkh frxsoh0pdwul{

Dvvljqlqj phq wr d krxvhkrog phdqv pdwfklqj phq dqg zrphq1 Lq rwkhu zrugv zh

gh�qh d pdsslqj/ vxfk wkdw doo phq eruq zlwklq d rqh0|hdu lqwhuydo/ duh glvwulexwhg

wr wkh ihpdoh srsxodwlrq1 Wkxv hyhu| zrpdq lv qrw pduulhg wr rqh sduwlfxodu pdq/

exw udwkhu wr d glvwulexwlrq ri phq1 Iurp Vwdwlvwlfv Ghqpdun +VG, zh rewdlq d

pdwul{ phdvxulqj wkh qxpehu ri frxsohv glvwulexwhg ryhu wkh frpelqdwlrqv ri djhv

ri wkh wzr sduwlhv lq wkh frxsoh1 Lq wkh vwdwlvwlfdo pdwhuldo wkh gh�qlwlrq ri d frxsoh/

7Qrwh/ wkdw whfkqlfdoo| wkh frqvwuxfwlrq lpsolhv wkdw lw lv srvvleoh iru dq �hfrqrplfdoo| sdvvlyh�
pdq wr wxuq �hfrqrplfdoo| dfwlyh� e| ehfrplqj pduulhg wr d zrpdq zkr lv |rxqjhu wkdq :; |hduv1
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lv vlpso| d pdq dqg d zrpdq vkdulqj wkh vdph dgguhvv1 Khuh zh frq�qh rxuvhoi

wr frpelqdwlrqv ri phq dqg zrphq ehorqjlqj wr wkh djh jurxsv � '
k
�Hc ��

l
dqg

� ' d�Hc ..o uhvshfwlyho|1 Wkh revhuydwlrqv duh jlyhq e| wkh iroorzlqj pdwul{
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lv wkh qxpehu ri frxsohv zkhuh wkh pdq lv @ |hduv rog dqg wkh zrpdq

lv K |hduv rog1 Qrwh wkdw wkh odvw froxpq ri wkh pdwul{/ lv wkh h{shfwhg olihwlph iru d

zrpdq lq wkh prgho/ diwhu zklfk khu krxvhkrog fhdvhv wr h{lvw1

Wkh pdwul{ lv frqvwuxfwhg xvlqj gdwd iurp VG81 Wkh pdwul{ l
�bbD

fdq eh ghwhuplqhg

iru wkh sduw ri wkh srsxodwlrq/ zkhuh phq dqg zrphq irup frxsohv1 Dssur{lpdwho| 97

shufhqw ri wkh srsxodwlrq lq wkh djh jurxsv D dqg E iru phq dqg zrphq uhvshfwlyho|

kdg iruphg frxsohv lq 4<<81

Wkh uhpdlqlqj sduw ri wkh srsxodwlrq lq wkhvh djh jurxsv lv hlwkhu vlqjoh/ ru olyh lq d

w|sh ri uhodwlrqvkls rwkhu wkdq wkh rqh gh�qhg deryh1 Vlqfh hyhu| shuvrq kdv wr eh

dwwdfkhg wr d krxvhkrog zh qhhg wr vshfli| d zd| wr glvwulexwh wkhvh odvw 69 shufhqw

ri wkh uhohydqw srsxodwlrq jurxs1

61415 Qrupdol}lqj wkh frxsoh0pdwul{

D vlpsoh zd| wr surfhhg lv �uvw wr qrupdol}h wkh pdwul{/ l
|

/ gh�qhg deryh/ vxfk wkdw

wkh urzv vxp wr xqlw|1 Pruh irupdoo| glylgh hyhu| hohphqw lq wkh pdwul{ e| wkh vxp

ri doo wkh hohphqwv lq wkh urz lq txhvwlrq +l1h1 e| wkh qxpehu ri phq lq wkh jlyhq

jhqhudwlrq/ zkr kdyh iruphg d frxsoh,1 Wkh uhvxowlqj qrupdol}hg frxsoh pdwul{/ 7l
|

/

8Wkh udz gdwd iurp 4<<8 duh xvhg/ h{fhsw iru zrphq ehorz 58 |hduv1 Wkh glvwulexwlrq ri wkhlu
pdoh sduwqhuv djh/ lv gl�huhqw iurp wkh uhvw ri wkh srsxodwlrq lq wzr zd|v> wkhlu sduwqhuv duh
vljql�fdqwo| roghu/ dqg wkh shufhqwdjh ri zrphq/ zkr duh lq d frxsoh lv orz iru wkhvh djh jurxsv1
Wkhuhiruh wkh sdwwhuq ri uhodwlyh gl�huhqfh lq djh iru 580|hdu0rog zrphq/ duh dvvxphg wr dsso| wr doo
zrphq ehwzhhq 4; dqg 57 |hduv ri djh1 Revhuydwlrqv iru zrphq deryh :: |hduv duh glvplvvhg/ vlqfh
wkh krxvhkrogv* sodqqlqj krul}rq lv 93 |hduv1 Frqvlvwhqf| zlwk jhqhudol}dwlrqv phqwlrqhg suhylrxvo|/
uhtxluhv wkdw frxsohv zkhuh wkh pdq ru wkh zrpdq +ru erwk, duh ehorz 4; |hduv ri djh duh glvplvvhg
dv zhoo1
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lv jlyhq e|

7l
|

'
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�Hc�Hc|
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111
111

1 1 1
111
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� � � /
�
�c..c|

6:::8 +615,

zkhuh /
@cKc|

5 -
dfc�o

dqg
S
KM�

/
@cKc|

' � iru doo @c |

Dq hohphqw /
@cKc|

lq wkh pdwul{ zloo wkhq gh�qh wkh vkduh ri phq @ |hduv ri djh +dqg

sduw ri d frxsoh, zkr lv pduulhg wr d zrpdq ri djh K dw wlph |1 Wkhuhe| wkh pdwul{

fdq urz0zlvh eh lqwhusuhwhg dv d glvfuhwh suredelolw| ixqfwlrq +SGI, ghvfulelqj wkh

glvwulexwlrq ri zrphq wkdw duh dvvljqhg wr d ylqwdjh ri phq19

Zkdw zh gr qh{w lv vlpso| wr wdnh doo phq lq wkh djh jurxs �/ dqg glvwulexwh hdfk ri

wkh jhqhudwlrqv wr wkh gl�huhqw djhv ri zrphq dffruglqj wr wkh fruuhvsrqglqj SGI

iurp wkh pdwul{ 7l
|

/ dv li wkh| zhuh doo sduw ri d frxsoh1 Krzhyhu/ vlqfh wkh qxpehu

ri phq dqg zrphq lq wkh srsxodwlrq duh qrw lghqwlfdo/ wklv lpsolhv wkdw pruh ru ohvv

wkdq rqh pdq fdq eh dvvljqhg wr hdfk zrpdq +rq dyhudjh,1

Zh dvvxph iurp khuh wkdw wkh pdwul{ 7l
|

lv vwdwlrqdu| wkurxjk wlph/ vxfk wkdw zh

kdyh 7l � 7l
|

' 7l
�bbD

iru doo |1 Ohw O��

|

eh d urz yhfwru +ri glphqvlrq ��� �.,/ zkhuh

hdfk hohphqw htxdov wkh qxpehu ri phq lq wkh djh jurxs jlyhq e| wkh froxpq +wkh

�uvw froxpq lv phq dw 4; |hduv,/ dw wlph |1 Dq hohphqw ri wklv yhfwru lv fdoohg ��

@c|

/

zkhuh @ lv wkh djh ri wkh pdq lq d jlyhq |hdu |1 Wkxv wkh vxp ri wkh hohphqwv/ htxdov

wkh wrwdo qxpehu ri phq ehwzhhq 4; dqg �� |hduv lq d jlyhq |hdu1 Ixuwkhu ohw O�8

|

ghqrwh wkh urz yhfwru +ri glphqvlrq .. � �.,/ frqvlvwlqj ri wkh hohphqwv/ �8

Kc|

+K @

4;/ 4</ 1111/ ::,/ zklfk lqglfdwh wkh qxpehu ri ihpdohv djhg K dw wlph |1

Dvvljqlqj wkh phq wr krxvhkrogv +gh�qhg e| wkh zrpdq*v djh, lv grqh vlpso| e|

pdwul{ pxowlsolfdwlrq1 Wkxv O��

|

� 7l ' O��8

|

jlyhv wkh qxpehu ri phq/ glvwulexwhg

diwhu wkh krxvhkrog djh +lqvwhdg ri wkhlu rzq,1 Dq hohphqw lq wkh yhfwru O��8

|

lv fdoohg

��8

Kc|

dqg phdvxuhv wkh qxpehu ri phq/ zkr dw wlph | lv pdwfkhg zlwk d ihpdoh ri djh

K1 Wkxv dgglqj zrphq/ phdvxuhg e| wkhlu rzq djh/ dqg phq gh�qhg e| wkh zrphq*v

djh uhgxfhv wr dgglqj wkh wzr yhfwruv O��8

|

dqg O�8

|

+erwk yhfwruv ehorqj wr USf,1

Dq hohphqw lq wklv yhfwru vxp lv fdoohg ��8

Kc|

dqg phdvxuhv wkh qxpehu ri vxuylyhg

dgxowv dw wlph | lq wkh uhsuhvhqwdwlyh krxvhkrog ri djh K +l1h1 wkh jhqhudwlrq eruq dw

wlph |� K,1

9Li wkh hohphqwv lq wkh gldjrqdo zhuh xqlw|/ l1h1 $
d>d>w

@ 4 iru doo d/ wklv zrxog lpso| wkdw rqo|
phq dqg zrphq eruq lq wkh vdph |hdu/ frxog pdnh frxsohv1
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Wkh qxpehu ri shuvrqv zkr ehorqj wr wkh vxp ri wkhvh v|qwkhwlf krxvhkrogv lv qrw

h{dfwo| lghqwlfdo wr wkh qxpehu ri dgxow phq dqg dgxow zrphq lq wkh uhdo srsxodwlrq1

Wkh gl�huhqfh lv gxh wr wuxqfdwlrqv dw wkh wzr hqgv ri wkh glvwulexwlrq ri phq1 Prvw

lpsruwdqwo| qrw doo |rxqj phq +prvwo| ri djh 4;/ 4< dqg 53 |hduv, duh dvvljqhg wr

zrphq/ zkr duh pruh wkdq 4: |hdu rog/ dv wkh dyhudjh pdq lv dssur{lpdwho| 6 |hduv

roghu wkdq wkh dyhudjh zrphq lq wkh krxvhkrog1 Vlqfh zrphq ri 4: |hduv dqg |rxqjhu

e| dvvxpswlrq gr qrw irup krxvhkrogv ri wkhlu rzq/ wklv lpsolhv wkdw phq dvvljqhg

wr zrphq ri wkhvh djh jurxsv duh dovr h{foxghg iurp wkh gdwd vhw1 Dw wkh rwkhu hqg

ri wkh glvwulexwlrq d vlplodu exw txdqwlwdwlyho| pxfk ohvv rxwvsrnhq sureohp dulvhv1

Lq wklv fdvh vrph phq |rxqjhu wkdq :; |hdu duh pduulhg wr zrphq zkr duh :; |hdu ru

pruh1 Wkhvh phq duh frqvlghuhg �hfrqrplfdoo| sdvvlyh� dv wkh djh ri wkh krxvhkrog

lv gh�qhg e| wkh djh ri wkh zrpdq1

Dsduw iurp wkh phqwlrqhg wuxqfdwlrqv/ wkh pdlq h�hfw ri dvvljqlqj phq wr zrphq lv

wkdw wkh djh glvwulexwlrq ri wkh srsxodwlrq lv qrz �vwdqgdugl}hg� dqg phdvxuhg lq

whupv ri wkh djh ri wkh zrpdq1 Wkh idfw wkdw zrphq duh pduulhg wr d glvwulexwlrq ri

phq/ udwkhu wkdq d sduwlfxodu pdq lv looxvwudwhg lq �jxuh 71

Age of men

7818

ω
D�W

(%)

Young woman

Middle aged woman

Old woman

Iljxuh 7 Wkh glvwulexwlrqv ri phq wkdw 6 djh jurxsv ri zrphq duh pdwfkhg zlwk

Wkh �jxuh vkrzv dq h{dpsoh ri wklv SGI iru d |rxqj/ d plggoh0djhg dqg dq rog

zrpdq +krzhyhu |rxqjhu wkdq :;,/ zkhuh wkh ghqvlw| ixqfwlrq lv ghqrwhg /
@c|

E��1

Wkh SGI lv xqltxh iru hdfk jhqhudwlrq ri zrphq/ dqg qhhg qrw eh qrupdo/ v|pphwulf

ru hyhq vlqjoh0shdnhg:1 Qrwh djdlq wkdw hyhq wkrxjk dq dgxow zrpdq lv ehwzhhq 4;

dqg ::/ wklv qhhg qrw eh wkh fdvh iru doo wkh phq lq khu sduwqhu0SGI1 Lq wkh SGI

wr wkh uljkw/ wklv lv vkrzq e| wkh jud| duhd> lw frqwdlqv phq wkdw duh roghu wkdq ::/

exw duh pduulhg wr zrphq wkdw duh qrw uhwluhg/ dqg wkxv wkhvh phq duh vwloo hfrqrplf
:Qrwh wkdw wkh SGI lv lq idfw glvfuhwh/ hyhq wkrxjk lw lv ghslfwhg dv frqwlqrxv1
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dfwlyh +frqvxplqj/ vdylqj hwf1 exw qrw vxsso|lqj oderu,1 Lq wkh rwkhu hqg ri wkh vfdoh

wklv lv qrw wkh fdvh/ dv looxvwudwhg e| wkh SGI wr wkh ohiw1 Qrqh ri wkh phq dvvrfldwhg

zlwk wkh |rxqj zrphq fdq eh ohvv wkdq 4; |hduv rog dqg wkhuhiruh wkh glvwulexwlrq

kdv ehhq fxw r� wr wkh ohiw ri 4;;1

Lq sulqflsoh d yhu| rog zrpdq fdq eh pduulhg wr d yhu| |rxqj pdq dqg ylfh yhuvd/

exw wklv lv d uduh rffxudqfh1 Lq wkh �jxuh wklv lv looxvwudwhg e| d iuhtxhqf| ri }hur<

iru vrph djh lqwhuydov iru phq dvvrfldwhg zlwk d zrpdq ri d jlyhq djh1

61416 Fkloguhq

Dvvljqlqj fkloguhq wr d krxvhkrog phdqv pdwfklqj fklog dqg prwkhu 0 wklv lv grqh

lq wkh iroorzlqj pdqqhu= Ohw O�
�
�

|

eh d urz yhfwru zlwk 4; hohphqwv/ frqwdlqlqj wkh

qxpehu ri fkloguhq jurxshg e| djh +�uvw froxpq lv fkloguhq ehwzhhq 3 dqg 4 |hduv/

dqg wkh odvw frqwdlqv wkh qxpehu ri fkloguhq ehwzhhq 4: dqg 4; |hduv,1 Ohw O��

|

eh

d fruuhvsrqglqj urz yhfwru frqvlvwlqj ri wkh vdph fkloguhq frqyhuwhg lqwr d phdvxuh

ri vr0fdoohg dgxow0htxlydohqw xqlwv xvlqj wkh ixqfwlrq O��

|

' �e^

�
O�

�
�

|

�
143 Wkh uhdvrq

zk| wklv wudqvirupdwlrq lv pdgh lv wr pluuru wkh idfw wkdw fkloguhq duh qrw uhtxlulqj

wkh vdph ohyho ri frqvxpswlrq dv dgxowv1

Ohw �
Sc|

E�� ghqrwh wkh glvfuhwh suredelolw| ixqfwlrq ri wkh prwkhu*v djh44 iru fkloguhq

S |hduv rog dw wlph |/ S ' fc �c ���c �./ dqg ohw 7< |hduv eh wkh pd{lpdo pdwhuqdo djh

zkhq jlylqj eluwk1 Qrwh wkdw 7< |hduv lv gh�qhg dv wkh pd{lpxp lq wkh sxeolfdwlrq

ri wkh vwdwlvwlfv1 Wkhvh pdwhuqdo yhfwruv ri ghqvlwlhv fdq eh zulwwhq dv d pdwhuqdo

pdwul{/ [
|

/ frqvlvwlqj ri 4; urzv dqg 93 froxpqv1 Wkh 4; urzv uh hfw wkdw zh zdqw wr

dvvljq 4; jhqhudwlrqv ri fkloguhq/ zkhuh hdfk urz uhsuhvhqwv d SGI451 Wkh 93 froxpqv

uh hfw wkh 93 jhqhudwlrqv ri zrphq lq wkh djhv ehwzhhq 4; dqg ::/ zkhuh rqo| wkh

zrphq dw 99 |hduv ru |rxqjhu duh srwhqwldo prwkhuv iru wkhvh fkloguhq1 Wkh [
|

0pdwul{

;Wklv srlqw lv glvfxvvhg ixuwkhu lq Dsshqgl{ G1
<Vwulfwo| vshdnlqj/ lw lv wkh olplw ri wkh iuhtxhqf| +wkh �suredelolw|�, wkdw lv }hur1

43Lq wklv �uvw yhuvlrq ri wkh prgho/ wkh ixqfwlrq lv uhgxfhg wr �QF

w

@ 3=8 � �Q �

F

w

1
44Ru wkh djh ri wkh krxvhkrog/ wkh fklog lv sduw ri/ lq wkh fdvh zkhuh wkh prwkhu glhv ehiruh wkh

fklog lv jurzq xs1
45Qrwh wkdw vrph phq duh vwloo olylqj dw krph hyhq wkrxjk wkh| duh ehwzhhq 4; dqg 5;1 Wkh uhdvrq

iru wklv lv h{sodlqhg lq Dsshqgl{ G1
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orrnv olnh wklv
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6:::8 +616,

zkhuh
S

KM�
�
ScKc|

' � iru doo S/ |1

Iru fkloguhq eruq lq wkh edvh |hdu +4<<8, wkh glvwulexwlrq ri wkh prwkhuv* djh lv nqrzq

zlwk fhuwdlqw| iurp Vwdwlvwlfv Ghqpdun1 Wklv glvwulexwlrq lv vkrzq lq �jxuh 81
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Mother’s age
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hs

Iljxuh 8 Glvwulexwlrq ri prwkhuv djh iru qhzeruqv lq 4<<8

Qrwh wkdw �jxuh 8 lqfoxghv prwkhuv |rxqjhu wkdq 4; zkhq jlylqj eluwk1 Lq wkh prgho

wklv srvvlelolw| lv ljqruhg ehfdxvh ri wkh dvvxpswlrq wkdw doo prwkhuv duh plqlpxp

4; |hduv rog1 Wklv dvvxpswlrq lv pdgh iru frqyhqlhqfh dqg lv xqsureohpdwlf/ vlqfh lw

lv rqo| wkh fdvh iru ohvv wkdq 3/6( ri doo eluwkv wkdw wkh prwkhu lv ehorz 4; |hduv1

Wkxv �jxuh 8 jlyhv wkh �uvw urz ri [
�bbD

1 Dvvxplqj wklv pdwhuqdo0glvwulexwlrq lq 4<<8

wr eh wlph0lqyduldqw vxevhtxhqwo| �
ScKc|

� �
ScK

iru doo S/ K dqg doo | � �bbD461 Ixuwkhu

dvvxph wkdw wkh pruwdolw| udwh ri fkloguhq lv lqghshqghqw ri wkh djh ri wkhlu prwkhu/

wkhq �
ScK

' �
Sn�cKn�

iru doo S/ K1 Wklv phdqv wkdw doo urzv lq [
|

� [ duh lghqwlfdo/

h{fhsw iru ehlqj glvsodfhg gldjrqdoo|1

46Wklv glvwulexwlrq/ krzhyhu/ lv qrw wlph lqyduldqw1 Wklv lv lpsolhg e| wkh idfw wkdw lq 4<;5 wkh
dyhudjh0djh ri wkh �uvw0wlph prwkhu zdv 57/7 |hduv/ zkhuh lw lq 4<<5 zdv 59/7 |hduv +Vwdwlvwlfv
Ghqpdun> 4<<9/ wdeoh 88,1



Iruhfdvwlqj wkh qxpehu ri dgxow0htxlydohqwv 7:

Wkh qxpehu ri fkloguhq wkdw ehorqj wr hdfk krxvhkrog +gh�qhg e| pdwhuqdo djh,/

lv ghwhuplqhg e| pdwul{ pxowlsolfdwlrq/ l1h1 O��

|

� [ ' O��8

|

1 Wkxv/ wkh uhvxowlqj

yhfwru O��8

|

5 -Sf lv wkh qxpehu ri fkloguhq gh�qhg e| wkh djh ri wkhlu prwkhu +ru

krxvhkrog,/ lqvwhdg ri wkhlu rzq/ phdvxuhg lq dgxow0htxlydohqwv1 Dq hohphqw lq wkh
O��8

|

yhfwru/ h1j1 wkh hohphqw ��8

Kc|

/ zklfk phdvxuhv wkh dprxqw ri fkloguhq ehorqjlqj

wr krxvhkrogv ri djh K pd| eh zulwwhq dv

��8

Kc|

'
�.[
S'f

��

Sc|

� �
ScK

+617,

zkhuh ��

Sc|

ghqrwhv wkh S�wk hohphqw lq wkh O��

|

0yhfwru +l1h1 fkloguhq S |hduv rog dw wlph

|,1

Wkh wrwdo qxpehu ri dgxow0htxlydohqwv ri wkh krxvhkrogv fdq qrz eh irxqg e| dgglqj

wkh 6 yhfwruv phdvxulqj wkh qxpehu ri zrphq shu jhqhudwlrq/ O�8

|

/ wkh qxpehu ri phq

dvvljqhg wr zrphq ri hdfk jhqhudwlrq/ O��8

|

dqg wkh qxpehu ri fkloguhq +phdvxuhg

lq dgxow0htxlydohqwv, dvvljqhg wr wkh jhqhudwlrqv ri wkhlu prwkhuv/ O��8

|

/ vr

O�.8

|

' O�8

|

n O��8

|

n O��8

|

' O��8

|

n O��8

|

+618,

zkhuh O�.8

|

lv d yhfwru/ zkhuh hdfk hohphqw/ �.8

Kc|

phdvxuhv wkh qxpehu ri dgxow0

htxlydohqwv ri d vshfl�f djh K ri krxvhkrogv1

615 Iruhfdvwlqj wkh qxpehu ri dgxow0htxlydohqwv

Iru hdfk ylqwdjh ri zrphq zh gh�qh d uhsuhvhqwdwlyh krxvhkrog1 Wkh qxpehu ri

dgxow0htxlydohqw phpehuv lq wkh krxvhkrog dw wlph |/ zkhuh wkh zrpdq lv ri djh K/

lv jlyhq e| wkh dgxow0htxlydohqwv/ �.8

Kc|

frqvwuxfwhg deryh1 Wklv krxvhkrog �qgv wkh

rswlpdo glvwulexwlrq ri wkh frqvxpswlrq exqgoh shu dgxow0htxlydohqw ryhu wlph/ dqg

ghwhuplqhv wkh rswlpdo frpsrvlwlrq ri wkh frqvxpswlrq exqgoh lq hdfk shulrg ri wlph1

Ilqdoo|/ wkh uhsuhvhqwdwlyh krxvhkrog ghflghv xsrq wkh rswlpdo oderu vxsso| ri wkh

dgxow phpehuv ri wkh krxvhkrog lq hdfk shulrg ri wlph1 Gxh wr dq dgglwlylw| dvvxps0

wlrq lq wkh xwlolw| ixqfwlrq/ wkh oderu vxsso| ghflvlrq grhv qrw lqyroyh lqwhuwhpsrudo

vxevwlwxwlrq h�hfwv1 Wkh glvwulexwlrq ri wkh frqvxpswlrq exqgoh ryhu wlph/ ghshqgv

lqwhu dold rq wkh h{shfwhg vl}h ri wkh krxvhkrog phdvxuhg lq dgxow0htxlydohqwv1 Wklv

vl}h ghshqgv rq krz wkh srsxodwlrq lv iruhfdvwhg dqg krz wkh krxvhkrogv duh frq0

vwuxfwhg1



7; GHPRJUDSKLF VWUXFWXUH

61514 Srsxodwlrq iruhfdvw

Wkh srsxodwlrq lv iruhfdvwhg xvlqj d frxsoh ri h{rjhqrxv ghprjudsklf dvvxpswlrqv471

Lq wkh suhvhqw yhuvlrq lw lv dvvxphg wkdw=

41 Wkh djh dqg jhqghu vshfl�f ghdwk udwhv iru phq/ zrphq/ dqg fkloguhq duh nhsw

frqvwdqw dw wkh 4<<8 ohyho1 Wklv phdqv wkdw �jxuh 9 looxvwudwhg odwhu lv dvvxphg

frqvwdqw ryhu wlph1

51 Wkh qhw pljudwlrq udwh lv 3 iru erwk jhqghuv ri hdfk jhqhudwlrq iru doo |1 Wklv

phdqv wkdw rqo| eluwkv jlyh dq lq rz wr wkh srsxodwlrq1

61 Wkh ihuwlolw| lv frqvwdqw +$, dqg lqghshqghqw ri wkh qxpehu ri zrphq lq wkh

ihuwloh djh ru djh0vshfl�f ihuwlolw| udwhv1 Lw lv dvvxphg wkdw wkh qxpehu ri qhz0

eruqv lv frqvwdqw wkurxjk wlph dqg wkh glvwulexwlrq dfurvv wkh wzr jhqghuv lv

dvvxphg wr eh lghqwlfdo wr wkh glvwulexwlrq lq 4<<81 Wkh qxpehu ri qhzeruqv lv

vhw vxfk wkdw wkh uhvxowlqj vwdwlrqdu| srsxodwlrq lv htxdo wr wkh srsxodwlrq lq

4<<8 +phdvxuhg lq dgxow0htxlydohqwv,1

Lw lv srvvleoh wr uhod{ wkhvh dvvxpswlrqv dqg xvh rwkhu srsxodwlrq iruhfdvwv lq wkh

prgho1 Wkh odvw dvvxpswlrq lv pdgh lq rughu wr jhw d vwdwlrqdu| srsxodwlrq idvw/

wkdw lv diwhu hyhu|rqh dolyh lq 4<<8 kdyh glhg> diwhu 433 |hduv1 Li ihuwlolw| ghshqghg

rq wkh qxpehu ri zrphq lq wkh ihuwloh djh dqg djh0vshfl�f ihuwlolw| udwhv/ wklv zrxog

fuhdwh hfkr h�hfwv lq wkh srsxodwlrq/ wkdw srvvleo| zrxog qhyhu glh rxw 0 dqg wkxv

wkh prgho zrxog qhyhu duulyh dw lwv vwhdg| vwdwh1 Wkh dvvxpswlrq derxw pljudwlrq

lv dovr pdgh iru sudfwlfdo sxusrvhv1 Lq suhvhqw Gdqlvk srsxodwlrq iruhfdvwv wkh qhw

pljudwlrq lv vhw wr 461833 shuvrqv dqqxdoo| +Vwdwlvwlfv Ghqpdun> 4<<9e, 0 exw lw lv

fohduo| xquhdvrqdeoh wr dvvxph wkdw wkh pljudwlrq frqwlqxhv dw wklv udwh iru pdq|

fhqwxulhv1 Wkxv/ d pljudwlrq ri }hur lv qrw fkrvhq ehfdxvh lw lv eholhyhg wr eh uhdolvwlf/

exw udwkhu ehfdxvh lw lv dq reylrxv irfdo srlqw1

Zlwk wkh dvvxpswlrqv pdgh deryh lw lv hdv| wr iruhfdvw wkh srsxodwlrq1 Wkh vl}h ri

d jlyhq jhqhudwlrq dqg jhqghu dw wlph |n � lv irxqg iurp wkh vl}h dw wlph | dgmxvwhg

iru ghdwkv xvlqj wkh djh dqg jhqghu vshfl�f vxuylydo udwhv1 Wkhvh vxuylydo udwhv duh

looxvwudwhg lq �jxuh 91 Wkh �jxuh vkrzv wkh vkduh ri vxuylyruv wkhuh zloo eh iurp d

jhqhudwlrq ri qhzeruqv lq 4<<8 dw gl�huhqw ohyhov ri djh1

47Wkh zd| wkh srsxodwlrq lv iruhfdvwhg lv h{sodlqhg wkrurxjko| lq Dsshqgl{ G1
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Iljxuh 9 Vxuylydo udwhv iru d jhqhudwlrq eruq lq 4<<8

Qrwh wkdw lq wkh prgho lw lv qrw srvvleoh wr eh roghu wkdq << |hduv1 Wklv lv htxlydohqw

wr dvvxplqj wkdw wkh vxuylydo udwh dw djh << lv 31

61515 Krxvhkrog iruhfdvw

Lq rughu wr frqvwuxfw v|qwkhwlf krxvhkrogv iurp wkh srsxodwlrq iruhfdvwhg deryh/

vrph dvvxpswlrqv duh qhhghg=

41 Wkh qrupdol}hg frxsoh pdwul{ 7l
|

lv frqvwdqw wkurxjk wlph/ l1h1 7l
|

' 7l iru doo |

+dv phqwlrqhg hduolhu,1

51 Wkh pdwhuqdo pdwul{ lv frqvwdqw wkurxjk wlph/ l1h1[
|

' [ iru doo | +dovr dvvxphg

hduolhu,1 Wklv phdqv wkdw �jxuh 8 lv xqfkdqjhg ryhu wlph1

Rqfh djdlq wkhvh dvvxpswlrqv fdq eh uhsodfhg e| rwkhuv1 Lw lv suredeo| qrw uhdvrqdeoh

wr dvvxph wkdw wkhvh pdwulfhv duh frqvwdqw ryhu wlph 0 exw frplqj xs zlwk dowhuqdwlyh

vshfl�fdwlrqv ri wkhvh pdwulfhv zrxog eh sxuh vshfxodwlrq1

Lw lv qrw srvvleoh wr iruhfdvw wkh krxvhkrog vl}h dw wlph |n� rqo| xvlqj wkh vl}h dw wlph

| dqg wdnlqj ghdwkv dqg eluwkv lqwr dffrxqw/ vlqfh wkh glvwulexwlrq ri phq dwwdfkhg

wr wkh krxvhkrog gl�hu dv wkh djh ri wkh krxvhkrog gl�hu/ lpso|lqj wkdw phq pryhv

durxqg ehwzhhq krxvhkrog ri gl�huhqw djhv1 Wkxv iruhfdvwlqj wkh krxvhkrog vl}h lv d

vxp ri wkh iruhfdvwv pdgh iru wkh phpehuv ri wkh krxvhkrog1
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Ghwhuplqlqj wkh dgxow phpehuv ri wkh krxvhkrog + O��8

|n�

, dw wlph | n � lv grqh e|

glvwulexwlqj wkh dprxqw ri 4:0|hdu0rog*v/ dgxow phq dqg dgxow zrphq vxuylylqj iurp

wlph | dffruglqj wr wkh frxsoh0pdwul{/ 7l/ wr fuhdwh krxvhkrogv lq wkh pdqqhu suh0

ylrxvo| ghvfulehg1 Wkh iruhfdvwhg qxpehu ri fkloguhq + O��8

|n�

, lv frqyhuwhg wr dgxow0

htxlydohqwv dqg wkhvh duh dvvljqhg wr wkhlu prwkhu xvlqj wkh pdwhuqdo pdwul{/ [1

Dgglqj wkhvh wzr jlyhv wkh wrwdo qxpehu ri dgxow0htxlydohqwv lq hdfk uhsuhvhqwdwlyh

krxvhkrog> O�.8

|n�

' O��8

|n�

n O��8

|n�

1

616 Ghvfulswlrq ri wkh frqvwuxfwhg gdwd0vhulhv

Iljxuh : glvsod|v wkh dyhudjh gl�huhqfh lq djh ehwzhhq wkh pdq dqg wkh zrpdq lq d

frxsoh/ dv d ixqfwlrq ri wkh djh ri wkh zrpdq +dv zhoo dv wkh vwdqgdug ghyldwlrq,1 Rqh

revhuyhv d uhodwlyho| odujh yduldwlrq lq wkh gl�huhqfh lq djh iru zrphq dw gl�huhqw

djhv1 Zkhwkhu wkhvh  xfwxdwlrqv duh lqghhg djh vshfl�f ru jhqhudwlrq vshfl�f/ kdv

qrw ehhq lqyhvwljdwhg hpslulfdoo|1 Wkh dvvxpswlrq suhvhqwhg deryh lpsolhv wkdw wkh

hqwluh  xfwxdwlrq lv dvvxphg wr eh djh vshfl�f1
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Iljxuh : Gl�huhqfhv lq djh iru frxsohv

Iljxuh ; vkrzv wkh devroxwh djh glvwulexwlrq ri wkh wzr jhqghuv lq 4<<81Wkh wklq ixoo

olqh lv djh glvwulexwlrq ri phq phdvxuhg dffruglqj wr wkhlu rzq djh/ wkh grwwhg olqh

lv wkh djh glvwulexwlrq ri zrphq/ dqg wkh wklfn ixoo olqh lv wkh djh glvwulexwlrq ri

phq phdvxuhg dffruglqj wr wkh djh ri wkhlu sduwqhu1 Wklv fxuyh lv frqvwuxfwhg xvlqj

wkh qrupdol}hg frxsoh0pdwul{/ 7l dv ghvfulehg lq wkh suhylrxv vxevhfwlrq1 Ilqdoo|/ wkh
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Iljxuh ; Djh glvwulexwlrq ri wkh srsxodwlrq lq 4<<8

kxps0vkdshg fxuyh lv wkh djh glvwulexwlrq ri fkloguhq dffruglqj wr wkh djh ri wkhlu

prwkhu1

Wkh �jxuhv < dqg 43 glvsod| wkh suhglfwhg hyroxwlrq lq wkh srsxodwlrq/ jlyhq wkh dv0

vxpswlrqv olvwhg lq wkh suhylrxv vxevhfwlrq1 Iljxuh < vkrzv wkh suhglfwhg glvwulexwlrqv

diwhu 63 |hduv1
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Iljxuh < Djh glvwulexwlrq ri wkh srsxodwlrq lq 5358

Wkh �jxuh vkrzv wkdw wkh dvvxpswlrq ri d frqvwdqw qxpehu ri qhzeruqv lq wkh

iruhfdvwlqj shulrg/ lpsolhv wkdw wkh �uvw sduw ri wkh djh glvwulexwlrq iru erwk phq
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dqg zrphq ehfrphv vprrwk/ dv wkh qxpehu ri shuvrqv ri erwk jhqghuv duh d�hfwhg

rqo| e| wkh djh dqg jhqghu vshfl�f pruwdolw| udwhv +dv vkrzq lq �jxuh 9,1 Wkxv wkh

dvvxpswlrqv lpso|/ wkdw doo hfkr h�hfwv lq wkh srsxodwlrq duh ljqruhg1 Krzhyhu/ wkh

pdsslqj ri wkh djh glvwulexwlrq ri phq lqwr wkh djh glvwulexwlrq ri wkhlu sduwqhuv

uhpdlqv xqhyhq gxh wr  xfwxdwlrqv lq wkh djh gl�huhqfh ri frxsoh wkurxjk wkh olih

f|foh1

Iljxuh 43 vkrzv wkh vwdwlrqdu| srsxodwlrq1 Wkhvh djh glvwulexwlrqv zloo dsshdu diwhu

433 shulrgv gxh wr wkh dvvxpswlrq ri frqvwdqw ihuwlolw|1 Revhuyh wkdw hyhq lq wkh vlwx0

dwlrq zlwk d vwdwlrqdu| djh glvwulexwlrq ri erwk jhqghuv/ wkhuh zloo eh dq  xfwxdwlrqv

lq wkh qxpehu ri phq glvwulexwhg dffruglqj wr wkh djh ri wkhlu sduwqhu1
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Iljxuh 43 Djh glvwulexwlrq ri wkh srsxodwlrq lq wkh vwdwlrqdu| vwdwh

Dv krxvhkrogv duh h{shfwhg wr kdyh shuihfw iruhvljkw/ wkh fdofxodwhg fkdqjhv lq wkh

vl}h ri wkh uhsuhvhqwdwlyh krxvhkrog duh xvhg iru wzr sxusrvhv= 4, wr �qg wkh rswlpdo

glvwulexwlrq ri frqvxpswlrq shu dgxow0htxlydohqw lq wkh vroxwlrq wr wkh pd{lpl}dwlrq

sureohp ri wkh krxvhkrog/ dqg 5, wr jhqhudwh wkh pdfur frqvxpswlrq iurp wkh frq0

vxpswlrq shu dgxow0htxlydohqw iru hdfk jhqhudwlrq1 Wkh odwwhu lpsolhv wkdw d odujh

jhqhudwlrq kdv d odujh vkduh lq wrwdo frqvxpswlrq1

Wkh qrwlrq ri d uhsuhvhqwdwlyh krxvhkrog vkrxog eh vwuhvvhg khuh1 Wkh ehkdylru ri

wkh krxvhkrogv lq wkh prgho lpsolhv wkdw wkh krxvhkrog iruhvhhv wkh fkdqjhv lq lwv

rzq djh vwuxfwxuh ryhu wlph dffruglqj wr wkh qrupdol}hg frxsoh pdwul{1 Olwhudoo|/ wklv

phdqv wkdw wkh krxvhkrog iruhvhhv wkh glyrufhv dqg uh0pduuldjhv wkurxjkrxw wkh wlph
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krul}rq1

Wkh krxvhkrog pd{lpl}hv zhoiduh ryhu wkh ghwhuplqlvwlf �qlwh wlph krul}rq1 Wkh

lqwhusuhwdwlrq ri wklv lv/ wkdw dowkrxjk lqglylgxdov glh dqg wkxv uhgxfh wkh vl}h ri wkh

krxvhkrog/ wkh krxvhkrog dv vxfk grhv qrw fhdvh wr h{lvw ehiruh wkh �{hg wlph krul}rq1

Zkhq wkh krxvhkrogv uhdfk wkh djh/ dw zklfk wkhlu wlph krul}rq h{sluhv +zkhq wkh

zrpdq wxuqv :;,/ wkh| ohdyh d iruhvhhq ehtxhvw iru |rxqjhu jhqhudwlrqv1

617 Lpsolfdwlrqv ri lqfrusrudwlqj wkh ghprjudsklf vwuxfwxuh

Ehiruh wxuqlqj wrzdugv wkh rswlpdo ehkdylru ri wkh krxvhkrogv/ lw lv uhohydqw wr frq0

vlghu krz wkh lqfrusrudwlrq ri wkh ghprjudsklf vwuxfwxuh d�hfwv wkh h{shfwhg vl}h

ri krxvhkrogv wkurxjk wkh olih0f|foh1 Dv d vwduwlqj srlqw/ frqvlghu �uvw wkh h{shfwhg

vl}h ri wkh krxvhkrog lq wkh Dxhuedfk dqg Nrwolnr� +4<;:, prgho dqg wkh Eodqfkdug

+4<;8, prgho uhvshfwlyho|1 Dxhuedfk dqg Nrwolnr� dvvxph �vxgghq ghdwk� dqg wkhlu

ghflvlrq xqlwv frqvlvw ri lqglylgxdo djhqwv1 Wklv lpsolhv wkdw wkh h{shfwhg vl}h ri

wkh krxvhkrog lv frqvwdqw wkurxjk wkh olih0f|foh> wklv lv looxvwudwhg lq wkh ohiw sduw ri

�jxuh 441 Frqwudu| wr wklv/ lq wkh Eodqfkdug prgho wkh djhqw idfhv d frqvwdqw sured0

elolw| ri ghdwk/ wkxv lq wkdw prgho wkh h{shfwhg vl}h ri wkh krxvhkrog lv h{srqhqwldoo|

ghfuhdvlqj wkurxjk wkh olih0f|foh dv vkrzq rq wkh uljkw0kdqg ri �jxuh 441

Size

Household age

Size

Household age

Auerbach and Kotlikoff: Blanchard:

U

Iljxuh 44 Krxvhkrogv lq wkh Dxhuedfk ) Nrwolnr� dqg wkh Eodqfkdug prgho

Frpsdulvrq wr �jxuh 43/ zklfk glvsod|hg wkh glvwulexwlrq ri wkh vwdwlrqdu| srsxod0

wlrq/ uhyhdov wkdw wkh h{shfwhg vl}h ri d jlyhq jhqhudwlrq +li wkh djh vshfl�f ghdwk udwhv

duh dvvxphg frqvwdqw wkurxjk wlph, orrnv olnh d frpelqdwlrq ri wkh dvvxpswlrqv lq

wkh wzr prghov/ vxfk wkdw iru jhqhudwlrqv |rxqjhu wkdq 83 |hduv wkh dqqxdo pruwdolw|

udwh lv forvh wr 31 Diwhu d uhodwlyh vkruw skdvh ri olih zkhuh wkh djh vshfl�f pruwdolw|
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udwh lqfuhdvhv/ wkh pruwdolw| udwh iru wkh uhpdlqlqj olihwlph fdq eh dssur{lpdwhg e|

d frqvwdqw dv lq wkh Eodqfkdug prgho1

Lq frqfoxvlrq/ qrqh ri wkh wzr prghov dorqh jlyh d uhdolvwlf ghvfulswlrq ri wkh h{shfwhg

vl}h ri d jlyhq jhqhudwlrq ri djhqwv1 Wklv frqfoxvlrq lv vwuhqjwkhqhg/ rqfh rqh frqvlghuv

rwkhu ghprjudsklf idfwruv d�hfwlqj wkh vl}h ri wkh krxvhkrog1 Iluvw ri doo/ wkh h{shfwhg

vl}h ri d uhsuhvhqwdwlyh krxvhkrog pxvw eh lqfuhdvlqj lq wkh shulrg ri olih/ zkhuh

fkloguhq duh eruq lqwr wkh krxvhkrog dqg vlploduo| ghfuhdvh lq vl}h lq wkh shulrg ri olih

zkhuh wkh fkloguhq ohdyh krph dqg irup krxvhkrogv ri wkhlu rzq1 Ilqdoo|/ wkh h{shfwhg

vl}h ri wkh krxvhkrog pd| eh d�hfwhg e| wkh idfw/ wkdw wkh h{shfwhg gl�huhqfh lq djh

ehwzhhq wkh shuvrqv lq wkh frxsoh lv qrw frqvwdqw wkurxjkrxw wkh olih f|foh +wkurxjk

glyrufhv dqg uh0pduuldjhv,1
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Iljxuh 45 Krxvhkrog vwuxfwxuh lq wkh suhvhqw prgho

Iljxuh 45 jlyhv wkh krxvhkrog vwuxfwxuh lq wkh suhvhqw prgho dqg lv frpsdudeoh wr

wkh h{shfwhg vl}h ri wkh krxvhkrog lq wkh Dxhuedfk dqg Nrwolnr� prgho dqg wkh Eodq0

fkdug prgho +�jxuh 44,1 Lq jhqhudo/ ri frxuvh/ wkh vdylqjv ghflvlrq ri wkh krxvhkrog

ghshqgv rq wkh h{shfwhg ixwxuh vl}h ri wkh krxvhkrog1 Wkxv wkh vdylqjv ehkdylru ri

wkh krxvhkrogv lq Dxhuedfk dqg Nrwolnr�*v dqg Eodqfkdug*v prgho gl�hu iurp wkh

vdylqjv ehkdylru lq wkh suhvhqw prgho/ dv d uhvxow ri wkh gl�huhqw dvvxpswlrqv ri wkh

h{shfwhg vl}h ri wkh uhsuhvhqwdwlyh krxvhkrog1

Dvvxplqj wkdw wkh xwlolw| ixqfwlrq h{klelwv frqvwdqw lqwhuwhpsrudo hodvwlflw| ri vxe0

vwlwxwlrq +zklfk lv wkh prvw frpprq dvvxpswlrq lq FJH0prghov dqg dovr wkh rqh
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dssolhg khuh,/ dqg wkdw wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq lv ohvv wkdq 4/

lpsolhv wkdw djhqwv lq wkh Eodqfkdug0prgho fhwhulv sdulexv zloo vdyh ohvv wkdq djhqwv

lq wkh Dxhuedfk0Nrwolnr� prgho1 Wkh rssrvlwh lv wuxh li wkh hodvwlflw| ri vxevwlwxwlrq

lv odujhu wkdq 41 Lq wkh suhvhqw prgho vdylqjv duh d�hfwhg erwk e| wkh suhvhqfh ri

fkloguhq dqg e| wkh idfw wkdw wkh pruwdolw| udwh lv srvlwlyh1 H{fhsw iru wkh yhu| |rxqj

krxvhkrogv/ zh zrxog fhwhulv sdulexv h{shfw wkdw vdylqjv duh orzhu lq krxvhkrogv zlwk

wklv djh vwuxfwxuh wkdq lq erwk wkh Eodqfkdug prgho dqg wkh Dxhuedfk dqg Nrwolnr�

prgho1

Wkh pdmru gl�huhqfh lq wkh pdfurhfrqrplf uhvxowv ehwzhhq/ wkh wkuhh gl�huhqw zd|v

ri prghoolqj wkh h{shfwhg vl}h ri wkh krxvhkrog dsshduv li wkh djh vwuxfwxuh ri wkh

srsxodwlrq lv qrw vwdwlrqdu|/ l1h1 li rqh dqdo|}hv h1j1 wkh frqvhtxhqfhv ri wkh djlqj

sureohp1 Wr looxvwudwh wkh gl�huhqfh/ frqvlghu d ghfuhdvh lq wkh eluwk udwh1 Lq wkh

suhvhqw prgho/ wklv lpsolhv wkdw ohvv fkloguhq duh h{shfwhg wr eh eruq e| wkh uhs0

uhvhqwdwlyh krxvhkrog1 Wkhuhiruh wkh h{shfwhg vl}h ri wkh krxvhkrog ehfrphv ohvv

�shdnhg�1 Wkxv dw wkh ehjlqqlqj ri wkhlu olih/ wkh krxvhkrogv* vdylqjv zloo whqg wr eh

orzhu/ zkhuhdv odwhu rq vdylqjv zloo whqg wr eh odujhu1

Lq wklv zd| d uhgxfwlrq lq wkh eluwk udwh/ lpsolhv erwk wkdw d odujhu sduw ri wkh

krxvhkrogv ehfrph roghu +lq wkh skdvh xqwlo wkh srsxodwlrq lv dgmxvwhg wr wkh orzhu

vwdwlrqdu| ohyho,/ dqg wkdw wkh ehkdylru ri wkh |rxqj krxvhkrogv duh gl�huhqw iurp

wkh ehkdylru wkdw wkh rog krxvhkrogv kdg zkhq wkh| zhuh |rxqj1

Dqdo|vhv ri wklv skhqrphqrq xvlqj wkh Dxhuedfk dqg Nrwolnr� prgho zrxog lpso|

wkdw rqo| wkh �uvw ri wkh h�hfwv phqwlrqhg deryh zrxog eh suhvhqw148 Wkxv wkh h{solflw

prghoolqj ri wkh ghprjudsklf vwuxfwxuh dggv d txdolwdwlyho| gl�huhqw h�hfw lqwr wkh

dqdo|vlv ri fkdqjhv lq wkh frpsrvlwlrq ri wkh srsxodwlrq1

Wr vxp xs/ lw lv reylrxv wkdw wkh krxvhkrog vwuxfwxuh suhvhqwhg khuh kdv d glvwlqfw

dgydqwdjh ryhu wkh wudglwlrqdo phwkrgv1 Wkh wzr wudglwlrqdo phwkrgv pd| eh frqyh0

qlhqw/ exw iru prvw sxusrvhv wkh| fdq kdugo| eh frqvlghuhg uhdolvwlf1 Lw lv whpswlqj

wr odeho wkh phwkrg suhvhqwhg khuh �Ixoo Lqirupdwlrq� vlqfh lw xvhv doo dydlodeoh gdwd/

dqg pdnhv yhu| ihz dvvxpswlrqv iru frqyhqlhqfh1

48Wkh Eodqfkdug prgho lv qrw zhoo vxlwhg iru wklv h{shulphqw/ dv wkh prgho suhvxssrvhv wkdw wkh
srsxodwlrq lv frqvwdqw/ wkurxjk wkh dvvxpswlrq wkdw wkh eluwk udwh lv lghqwlfdo wr wkh ghdwk udwh1
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Fkdswhu 7

KRXVHKROGV

Wkh suhylrxv fkdswhu ghvfulehg krz krxvhkrogv zhuh frqvwuxfwhg 0 wkh sxusrvh ri

wklv fkdswhu lv wr ghvfuleh wkhlu hfrqrplf ehkdylru dqg ghflvlrq pdnlqj1 Wkh sureohp

idfhg e| wkh frqvxphuv lv lqghhg d fodvvlfdo rqh> pd{lpl}lqj olihwlph xwlolw| vxemhfw

wr d exgjhw frqvwudlqw1 Wkh lqwhuwhpsrudo xwlolw| ixqfwlrq lv wkh vxp ri glvfrxqwhg

lqvwdqwdqhrxv +rqh0shulrg, xwlolwlhv iru hdfk shulrg lq wkh olihf|foh soxv xwlolw| iurp

ohdylqj d ehtxhvw1

Wr vroyh wkh krxvhkrog*v sureohp zh qhhg �uvw wr ghwhuplqh wkh exgjhw frqvwudlqw/

l1h1 vshfli| wkh vwuhdp ri lqfrph iru dq dgxow ehorqjlqj wr d krxvhkrog ri d vshfl�f

djh dw d jlyhq wlph> wklv lv grqh lq wkh �uvw vhfwlrq1 Wkh qh{w vhfwlrq rxwolqhv wklv

xwlolw| ixqfwlrq wkdw wkh krxvhkrog vhhnv wr pd{lpl}h1 Wkh wklug vhfwlrq ghvfulehv

wkh lqwhuwhpsrudo rswlpl}dwlrq sureohp/ dqg lw lv vkrzq wkdw wklv sureohp fdq eh

ghfrpsrvhg lqwr dq rswlpdo oderu vxsso| ghflvlrq dqg dq rswlpdo frqvxpswlrq gh0

flvlrq1 Vhfwlrq irxu glvfxvvhv wkh ehtxhvw ghflvlrq/ l1h1 krz wkh krxvhkrog ghwhuplqhv

wkh vl}h ri wkh ehtxhvw wr ohdyh ehklqg/ dqg krz lw lv wudqvihuuhg lq wr lqkhulwdqfh

iru wkh uhflslhqwv1 Ilqdoo| vhfwlrq �yh glvfxvvhv wkh frqvxphu*v rqh0shulrg ghflvlrq

sureohp/ l1h1 krz wr frpsrvh wrwdo frqvxpswlrq lq d jlyhq shulrg +wkh vroxwlrq wr

wkh lqwudwhpsrudo sureohp, ri wkh gl�huhqw jrrgv lq wkh hfrqrp|1

714 Qrq0lqwhuhvw lqfrph

Wkh lqfrph ri dq lqglylgxdo lq d jlyhq shulrg ri wlph ghshqgv rq zkhwkhu kh ru

vkh lv zrunlqj ru kdv uhwluhg iurp wkh oderu pdunhw dqg kdv ehfrph d shqvlrqhu1 Wr

vlpsoli|/ wkh uhwlulqj ghflvlrq lv dvvxphg wr eh h{rjhqrxv dqg wkh uhwluhphqw djh lv

vhw wr 941

Ehiruh surfhhglqj lw lv zruwk qrwlqj wkdw doo djhqwv ri d vshfl�f jhqghu dqg

djh duh dvvxphg wr eh lghqwlfdo1 Wklv phdqv/ wkdw wkh uhfrughg ohyho ri jhqghu
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vshfl�f xqhpsor|phqw lv dvvxphg wr eh vkduhg ehwzhhq doo shuvrqv ri d jlyhq jhqghu

lq wkh jhqhudwlrq41 Wkhuhiruh xqghuhpsor|phqw pljkw eh d pruh dssursuldwh whup1

D vlplodu dvvxpswlrq dssolhv wr wkh qxpehu ri zrunlqj krxuv/ lqkhulwdqfh dqg sxeolf

wudqvihuv1

Hdfk lqglylgxdo uhfhlyhv djh dqg jhqghu vshfl�f wudqvihuv iurp wkh sxeolf vhfwru15

Wkhuh duh wzr nlqgv ri djh vshfl�f wudqvihuv= Wkh wd{ iuhh wudqvihuv/ A-a

�c|

c a ' 8c � /

dqg wkh wd{deoh wudqvihuv A-A a

�c|

c a ' 8c � ri zklfk wkh wd{ A A

�c|

EA-A a

�c|

� lv sdlg1 Dovr

hdfk lqglylgxdo jhwv oxps vxp wudqvihuv/ �`
|

dqg �
|

/ iurp deurdg dqg wkh grphvwlf

jryhuqphqw uhvshfwlyho|1 Wkh jhqhudo oxps vxp wudqvihu/ �
|

/ iurp wkh jryhuqphqw lv

xvhg wr edodqfh wkh exgjhw ri wkh sxeolf vhfwru1

Iru d zrunlqj lqglylgxdo wkh qrq0lqwhuhvw lqfrph lv lq dgglwlrq frpsrvhg ri d vdodu|

qhw ri wd{hv/ dq xqhpsor|phqw ehqh�w qhw ri wd{hv/ dqg lqkhulwdqfh1 Wklv dprxqwv

wr

d`
|

� A�

|

E`
|

�o �a
�c|

n
�
K
|

� A K

|

EK
|

�
� �

�� �a
�c|

�
n��?a

�c|

a ' 8c � +714,

zkhuh`
|

lv wkh zdjh udwh dw wlph |c 6 K
|

lv wkh ohyho ri xqhpsor|phqw ehqh�wv/ A�

|

E`
|

�

dqg A K

|

EK
|

� duh wkh wd{hv sdlg ri lqfrph iurp hpsor|phqw dqg xqhpsor|phqw ehqh�wv

uhvshfwlyho|1 Wkh vshfl�fdwlrq ri wkh wd{ ixqfwlrq doorzv iru surjuhvvlyh lqfrph wd{hv1
7� lv dq lqvwlwxwlrqdoo| �{hg pd{lpxp zrunlqj wlph/ vxfk wkdw h1j1

�
7�� �8

Kc|

�
lv wkh

dprxqw ri krxuv wkdw d zrpdq ri djh K lv xqhpsor|hg +ru pruh fruuhfwo| xqghuhp0

sor|hg, gxulqj shulrg |1 Ilqdoo|/ ��?a

�c|

c lv wkh lqkhulwdqfh dw wlph | uhfhlyhg e| jhqghu

a djhg �1 Qrwh/ wkdw wkh vshfl�fdwlrq ri wkh glvwulexwlrq ri eluwkv dqg wkh dvvxpswlrq

wkdw krxvhkrogv vxuylyhv xqwlo wkh zrpdq uhdfkhv wkh djh ri :; |hduv/ lpso| wkdw khluv

zloo kdyh dw pd{lpxp djh ri E.H� �H '� 93 |hduv/ ehfdxvh wkh |rxqjhvw prwkhuv duh

4; |hduv rog1 Vlploduo|/ wkh plqlpxp djh ri d khlu lv E.H� eb '� 5< |hduv/ dv wkh

pd{lpxp djh ri prwkhuv jlylqj eluwk lv 7< |hduv1 Wklv lpsolhv wkdw ��?a

�c|

lv srvlwlyh

rqo| iru � 5 d2bc Sfo1

Iru d shuvrq zkr lv uhwluhg iurp wkh oderu pdunhw wkh rqo| qrq0lqwhuhvw lqfrph vrxufh

4Qrwh krzhyhu wkdw vrph phq/ zkr duh ohvv wkdq 93 |hduv rog pd| eh pduulhg wr zrphq/ zkr
duh roghu wkdq :: |hduv dqg wkhuhiruh wkhvh phq duh gh�qhg dv hfrqrplfdoo| lqdfwlyh1

5Suhvhqwo|/ wkh ohyhov ri djh vshfl�f sxeolf wudqvihuv duh lqgh{hg wr wkh zdjh qhw ri oderu pdunhw
frqwulexwlrqv1 Odwhu wklv ihdwxuh dqg wkh dvvxpswlrq ri h{rjhqrxv uhwluhphqw zloo eh wuhdwhg pruh
hoderudwho|1 Djh vshfl�f wudqvihuv duh fdofxodwhg iurp wkh surmhfw ri �jhqhudwlrqdo dffrxqwlqj� xq0
ghuwdnhq mrlqwo| e| wkh Plqlvwu| ri Ilqdqfh dqg HSUX1 Wkhvh wudqvihuv duh sduw ri wkh lqsxw gdwd
iru wkh prgho1

6Revhuyh wkdw wkh zdjh lv dvvxphg wr eh lghqwlfdo dfurvv jhqhudwlrqv dqg jhqghu/ lpso|lqj wkdw
oderu surgxfwlylw| lv wkh vdph iru doo jhqhudwlrqv dqg erwk jhqghuv1



Qrq0lqwhuhvw lqfrph 8<

+dvlgh iurp hyhqwxdo djh vshfl�f wudqvihuv, lv wkh sxeolf shqvlrq/ s�
|

/ zklfk lv ehlqj

wd{hg dffruglqj wr wkh wd{0ixqfwlrq A �

|

�
s�
|

�
1 Zh gh�qh wkh vrfldo vhfxulw| shqvlrq dv

djh lqghshqghqw1 Wklv lpsolhv wkdw zh ljqruh gl�huhqfhv ehwzhhq wkh vwdqgdug vrfldo

vhfxulw| shqvlrq +dsso|lqj wr doo shuvrqv ri 9: ru roghu, dqg wkh oderu pdunhw uhodwhg

shqvlrq vfkhph +�hiwhuoûqvrugqlqjhq�, zklfk lq sulqflsoh lv qrw d jhqhudo shqvlrq

vfkhph1

Ixuwkhu ohw �8`

Kc|

ghqrwh wkh qxpehu ri ihpdoh zrunhuv djhg K dw wlph |

�8`

Kc|

�
�

�8

Kc|

sJo �H � K 	 S�
f sJo K � S�

+715,

Zh fdq qrz zulwh wkh wrwdo qrq0lqwhuhvw lqfrph shu dgxow ri d krxvhkrog djhg K dw

wlph |/ +
Kc|

/ dv ehorz

+
Kc|

'
�

��8

Kc|

�
�8`

Kc|

�
d`

|

� A�

|

E`
|

�o �8
Kc|

n
�
K
|

� A K

|

EK
|

�
� �

�� �8
Kc|

�
n��?8

Kc|

�
n
�
�8

Kc|

��8`

Kc|

� �
s�
|

� A �

|

�
s�
|

��
n�8

Kc|

� �A-8

Kc|

n
�
A-A 8

Kc|

� A A

Kc|

�
A-A 8

Kc|

���
n d`

|

� A�

|

E`
|

�o
Sf[

@'�H

��

@c|

� /
@cK

� ��
@cKc|

+716,

n
�
K
|

� A K

|

EK
|

�
� Sf[
@'�H

��

@c|

� /
@cK

� ��� ��
@cKc|

�
n

�
�[

@'�H

��

@c|

� /
@cK

� �A-�

@c|

n
�
A-A�

@c|

� A A

@c|

�
A-A�

@c|

���
n

Sf[
@'2b

��

@c|

� /
@cK

���?�

@c|

n
�
s�
|

� A �

|

�
s�
|

�� �
�[

@'S�

��

@c|

� /
@cK

<@>n �`
|

n �
|

Wr jhw wkh wrwdo krxvhkrog lqfrph surylghg e| zrphq/ wkh vxp ri lqfrph iurp

hpsor|phqw dqg xqhpsor|phqw ehqh�wv/ erwk qhw ri wd{hv/ dqg wkh lqkhulwdqfh +l1h1

wkh 6 whupv lq wkh eudfnhwv lq wkh �uvw olqh, lv pxowlsolhg e| wkh qxpehu ri ihpdoh

zrunhuv lq wkh uhsuhvhqwdwlyh krxvhkrog/ �8`

Kc|

1 Wkh shqvlrq diwhu wd{ lv pxowlsolhg e|

wkh qxpehu ri ihpdoh shqvlrqhuv1 Wkh wd{iuhh dqg wd{deoh djh vshfl�f sxeolf wudqvihu

duh erwk vlpso| zhljkwhg e| wkh +wrwdo, qxpehu ri zrphq lq wkh krxvhkrog1

Iru krxvhkrogv zkhuh wkh zrphq duh shqvlrqhuv EK � S��/ wkh �uvw olqh ri h{suhvvlrq

+716, fdqfhov rxw ehfdxvh wkh qxpehu ri ihpdoh zrunhuv htxdov }hur1 Fruuhvsrqglqjo|

wkh whup �8

Kc|

� �8`

Kc|

lq wkh vhfrqg olqh uhgxfhv wr �8

Kc|

1 Rq wkh rwkhu kdqg lq wkh
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fdvh ri �H � K 	 S�/ wklv odvw whup fdqfhov rxw +l1h1 qr shqvlrq, zkloh wkh �uvw olqh

uhpdlqv1

Wkh �uvw wzr olqhv +lqvlgh wkh eudfhv, uhsuhvhqwv wkh wrwdo qrq0lqwhuhvw lqfrph diwhu

wd{ ri zrphq lq wkh krxvhkrog zkhuhdv wkh uhvw ri wkh h{suhvvlrq lqvlgh wkh eudfhv

uhodwhv wr wkh lqfrph ri phq lq wkh krxvhkrog1 Wklv sduw ri wkh h{suhvvlrq ehfrphv

pruh frpsolfdwhg/ dv wkh phq lq wkh uhsuhvhqwdwlyh krxvhkrog gr qrw vkduh wkh vdph

djh1 Vrph phq duh uhwluhg/ zkhuhdv rwkhuv duh qrw1

Wkhuhiruh wkh phq lq wkh krxvhkrog 0 uhjdugohvv ri wkh djh ri wkh zrpdq 0 frqwulexwh

erwk zlwk wkh lqfrph whupv uhodwhg wr zrunhuv dqg wr shqvlrqhuv1 Wkh wrwdo lqfrph

dulvlqj iurp phq lq wkh krxvhkrog lv irxqg e| pxowlso|lqj wkh qxpehu ri phq lq hdfk

djh jurxs zlwk wkhlu uhvshfwlyh lqfrph whupv dqg wkhq vxppdul}h wkhvh h{suhvvlrqv

ryhu wkh uhohydqw lqwhuydo ri djhv1 Lqfrph iurp hpsor|phqw lv h1j1 jlyhq e| zdjhv shu

krxu diwhu wd{/ d`
|

� A�

|

E`
|

�o +zklfk lv wkh vdph iru doo djh jurxsv,/ wlphv wkh pdoh

oderu vxsso| ri wkh krxvhkrog1 Wklv lv jlyhq e|
SfS

@'�H

��

@c|

�/
@cK

���
@cKc|

+iru wkh krxvhkrog

ri djh K,1 Qrwh wkdw wkhuh lv dgghg d K lq wkh vxevfulsw iru wkh pdoh oderu vxsso|1 Wklv

lv grqh wr glvwlqjxlvk ehwzhhq wkh vxsso| ri oderu iru phq dw d jlyhq djh pduulhg wr

zrphq ri gl�huhqw djhv1

Wr phdvxuh shu dgxow zh glylgh wkh vxp ri lqfrph iurp phq dqg zrphq lq wkh

krxvhkrog/ e| wkh qxpehu ri dgxowv/ ��8

Kc|

1 Wr wklv zh dgg wkh wzr oxps vxp wudqvihuv/

�`
|

dqg �
|

/ zklfk duh gh�qhg shu dgxow/ dqg zh �qdoo| rewdlq wkh vwuhdp ri qrq0

lqwhuhvw lqfrph shu dgxow ehorqjlqj wr d krxvhkrog ri d vshfl�f djh dw d jlyhq prphqw

lq wlph1

Wr iruhfdvw wkh vrfldo vhfxulw| shqvlrqv/ wkh xqhpsor|phqw ehqh�wv dqg wkh djh vsh0

fl�f wudqvihuv/ zh hqgrjhql}h wkhvh wudqvihuv e| uhodwlqj wkhp wr wkh ohyho ri zdjhv1

Wkh suh0wd{ vrfldo vhfxulw| shqvlrq lv lqgh{hg wr wkh zdjh udwh qhw ri oderu pdunhw

frqwulexwlrqv vxfk wkdw

s�
|

' )�`
|

�
�� |�

|

�
+717,

zkhuh |�
|

lv wkh oderu pdunhw frqwulexwlrq wd{ udwh1 Qrplqdo xqhpsor|phqw ehqh�wv

lq Ghqpdun duh lqgh{hg wr wkh ryhudoo zdjh lqgh{/ `
|

zlwk d odj ri dssur{lpdwho|

wzr |hduv1 Lq wkh prgho wklv odj lv ljqruhg dqg wkh ehqh�wv duh uhjxodwhg lqvwdqwo|

dffruglqj wr

K
|

' )K`
|

�
�� |�

|

�
+718,
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zkhuh f 	 )K 	 �1 Wkh wd{ iuhh djh vshfl�f wudqvihuv duh lqgh{hg dv

A-a

|

' )a`
|

�
�� |�

|

�
a ' 8c � +719,

dqg wkh wd{deoh djh vshfl�f wudqvihuv duh lqgh{hg dqdorjrxvo|

A-A a

|

' )Aa`
|

�
�� |�

|

�
a ' 8c � +71:,

Revhuyh iurp +716, wkdw wkh wd{dwlrq ri zdjhv lv dvvxphg wr eh lpsrvhg gluhfwo| rq

zdjhv shu krxu1 Wklv +xquhdolvwlf, ihdwxuh lv lqwurgxfhg wr frpshqvdwh iru xqlqwhqghg

h�hfwv ri wkh dvvxpswlrq ri zrun0vkdulqj1 Wkh odwwhu lpsolhv/ wkdw wkh dprxqw ri

xqhpsor|phqw lv duwl�fldoo| frqyhuwhg lqwr d uhgxfhg qxpehu ri zrunlqj krxuv shu

hpsor|hg dqg wkhuhiruh kljkhu xqhpsor|phqw lpsolhv orzhu dqqxdo suh0wd{ zdjhv/

zklfk zrxog kdyh uhgxfhg wkh pdujlqdo wd{ udwh/ kdg d frqyhqwlrqdo surjuhvvlyh wd{

v|vwhp ehhq hpsor|hg1 Wklv duwl�fldoo| orzhu pdujlqdo wd{ udwh iru hpsor|hg zrunhuv

d�hfwv lqglylgxdo ehkdylru/ zklfk lq wxuq zrxog dowhu wkh htxloleulxp1 Wr dyrlg wklv/

zh kdyh fkrvhq wkh vshfl�fdwlrq deryh/ wr jhw d wd{ v|vwhp zklfk kdv dq h�hfw rq

lqglylgxdo ehkdylru/ wkdw fdq uhvhpeoh wkh h�hfwv ri d vwdqgdug surjuhvvlyh wd{ v|vwhp

lq dq hfrqrp|/ zkhuh xqhpsor|phqw lv xqhtxdoo| glvwulexwhg ehwzhhq shuvrqv1

Zh qrz wxuq wr vshfli| wkh suhihuhqfhv ri wkh krxvhkrog1

715 Wkh krxvhkrog*v xwlolw| ixqfwlrq

Frqvlghu d vshfl�f jhqhudwlrq ri wkh uhsuhvhqwdwlyh krxvhkrogv djhg K dw d jlyhq

srlqw lq wlph |1 Wklv phdqv/ wkdw wkh krxvhkrog lv eruq lq wkh |hdu | � K1 Dw wkh

ehjlqqlqj ri |hdu |/7 zkhuh wkh zrphq lq wkh krxvhkrog wxuq K |hduv/ wkh uhvw0ri0olih

glvfrxqwhg xwlolw| iru wkh uhsuhvhqwdwlyh krxvhkrog lq txhvwlrq/ L
K3�c|3�

/ lv jlyhq e|

d FHV0ixqfwlrq

L
K3�c|3�

�
%

.H[
�'K

E'
�c|3Kn�

�
73�

7 �
K3�c�

��.8

�c|3Kn�

& 7

73�

+71;,

�
K3�c�

� 1
�

�
�

� n w

�
�3Kn�

zkhuh 1
�

' � iru � ' Kc ���c ../ dqg 1
.H
' 1 +71<,

Wkh xwlolw|/ +71;,/ lv gh�qhg dv wkh vxp ri dqqxdo wrwdo krxvhkrog xwlolwlhv +htxdo

wr lqvwdqwdqhrxv xwlolwlhv shu dgxow0htxlydohqw/ E'
Kc|

�
73�

7 / wlphv wkh qxpehu ri dgxow0

htxlydohqwv lq wkh krxvhkrog/ �.8

Kc|

, lq wkh uhpdlqlqj olihwlph +iurp djh K wr djh ::,/

7Revhuyh iurp wkh gdwlqj frqyhqwlrqv ri wkh prgho +vhh fkdswhu 4,/ wkdw krxvhkrogv hqwhu wkh
hfrqrp| lq wkh ehjlqlqj ri wkh shulrg1 Wkhuhiruh wkh xwlolw| lv glvfrxqwhg edfn wr wklv srlqw lq wlph1
Lq wkh iroorzlqj wkh ehjlqqlqj ri shulrg w lv dssur{dwhg e| wkh hqg ri shulrg w� 4=
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glvfrxqwhg wr wkh ehjlqqlqj ri |hdu |1 Lq dgglwlrq wr wklv vxp ri dqqxdo xwlolwlhv/

wkh krxvhkrog rewdlqv srvlwlyh xwlolw| iurp ohdylqj d ehtxhvw wr wkh fkloguhq1 Wklv

dgglwlrqdo xwlolw| lv phdvxuhg dv dq h{wud shulrg ri +sxuh, frqvxpswlrq +shulrg :;,

gl�huhqwldwhg rqo| iurp qrupdo frqvxpswlrq e| d suhihuhqfh sdudphwhu 11

'
.Hc|3Kn.H

lv wkh uhdo ydoxh +dv phdvxuhg e| wkh sulfh lqgh{ ri frqvxpswlrq, ri wkh

ehtxhvw shu dgxow+0htxlydohqw, wkdw wkh jhqhudwlrq ohdyhv wr ixwxuh jhqhudwlrqv dw wkh

wlph zkhq lw uhdfkhv :; |hduv ri djh dqg wkh krxvhkrog fhdvhv wr h{lvw/ 1 lv wkh zhljkw

wkdw jhqhudwlrqv dvvrfldwhv zlwk wkh ehtxhvw1

Qrwh wkdw wkh fulwhulrq dssolhg lq wkh remhfwlyh ixqfwlrq lv wkh Ehqwkdplwh +diwhu

Mhuhp| Ehqwkdp/ 4:7;04;65, dv rssrvhg wr wkh Plooldq fulwhulrq +diwhu Mrkq Vwxduw

Ploo/ 4;3904;:6, xvhg lq suhylrxv yhuvlrqv ri wklv sdshu1 Wkhuhe| wkh remhfwlyh lv

vkliwhg iurp pd{lpl}lqj dyhudjh xwlolw| wr pd{lpl}lqj wrwdo xwlolw| 0 nqrzq dv fodv0

vlfdo xwlolwduldqlvp1 Wkh pxowlsolfdwlrq e| �.8

Kc|

lq wkh xwlolw| ixqfwlrq +zklfk lv wkh

qhz hohphqw, lpsolhv wkdw krxvhkrogv lq wkh sodqqlqj ri wkh rswlpdo frqvxpswlrq

ryhu wlph zloo wdnh lqwr dffrxqw wkh  xfwxdwlrqv lq krxvhkrog vl}h/ qrw rqo| lq wkh

exgjhw frqvwudlqw/ exw dovr lq wkhlu suhihuhqfhv e| wkh zhljkwv sxw rq lqvwdqwdqhrxv

xwlolwlhv dw gl�huhqw srlqwv lq wlph1 Lq wklv zd| xwlolw| vwhpplqj iurp frqvxpswlrq

dw wkh hqg ri wkh sodqqlqj shulrg zloo qrw eh zhljkwhg yhu| kljko|/ vlqfh rqo| d vpdoo

sduw ri wkh krxvhkrog phpehuv zloo olyh wr hqmr| lw1 Rq wkh rwkhu kdqg pxfk zhljkw

zloo eh sxw rq xwlolw| shu khdg lq wkh plg0wkluwlhv zkhuh wkh krxvhkrog uhdfk lwv pd{0

lpxp vl}h81

71514 Krz wr prgho xwlolw| iurp ohdylqj d ehtxhvwB

Wkh prghoolqj ri wkh ehtxhvw ghflvlrq pd| lq jhqhudo wdnh wzr yhu| gl�huhqw urxwhv1

Iluvw/ ehtxhvw pd| eh dowuxlvwlf dv lqwurgxfhg e| wkh vhplqdo duwlfoh e| Eduur +4<:7,1

Wklv lpsolhv wkdw wkh suhvhqw krxvhkrog wdnhv wkh xwlolw| ri ixwxuh jhqhudwlrqv gluhfwo|

lqwr dffrxqw e| lqfoxglqj wkh xwlolw| ixqfwlrqv ri wkhvh jhqhudwlrqv lq wkh remhfw ixqf0

wlrq ri wkh krxvhkrog*v pd{lpl}dwlrq sureohp1 Wklv ohdgv wr d prgho ri �g|qdvwlhv�

zkhuh hdfk g|qdvw| pd{lpl}hv xwlolw| ryhu dq lq�qlwh krul}rq1 Dvvxplqj wkdw qr qhz

g|qdvwlhv hqwhu wkh hfrqrp|/ wklv lpsolhv wkdw wkh ryhuodsslqj jhqhudwlrq vwuxfwxuh

froodsvhv dqg wkh prgho frqyhuwv lqwr d Udpvh| w|sh prgho1 Lq wklv w|sh ri prgho wkh

judgxdo g|qdplf wudqvlwlrq ri wkh hfrqrp|/ zklfk lv gxh wr wkh hqwu| ri qhz krxvh0
8Iru d pruh wkrurxjk suhvhqwdwlrq ri wkh wzr fulwhuld dqg dq dqdo|vlv ri wkh lpsolfdwlrqv ri wkh

fkrlfh ehwzhhq wkhp/ vhh Nqxgvhq dqg Shghuvhq +4<<;,1



Wkh krxvhkrog*v xwlolw| ixqfwlrq 96

krogv lq wkh ryhuodsslqj jhqhudwlrqv prgho/ lv uhsodfhg e| lqwhujhqhudwlrqdo wudqvihuv

zlwklq hdfk g|qdvw|1

Dowkrxjk lqwhujhqhudwlrqdo wudqvihuv gr sod| d uroh lq prvw idplolhv/ lw dsshduv wkdw

vxfk wudqvihuv duh ohvv shuihfw wkdq lv wkh fdvh jlyhq e| wkh dowuxlvwlf dvvxpswlrq1

Wkhuhiruh zh kdyh lq wklv prgho fkrvhq wr prgho d �mr| ri jlylqj� prwlyh iru

ehtxhvw1 Lq wklv fdvh wkh sduhqw krxvhkrog rewdlqv xwlolw| vlpso| e| ohdylqj d jliw wr

lwv khluv1 Wkh h�hfw rq wkh xwlolw| ri wkh khluv grhv qrw gluhfwo| hqwhu lqwr ehtxhvw

ghflvlrq ri wkh sduhqw krxvhkrog1 Wkhuhiruh h1j1 wkh qxpehu ri khluv lv vhhq qrw wr

d�hfw wkh ehtxhvw ghflvlrq lq wkh irupxodwlrq jlyhq lq htxdwlrq +71;,1 Wklv lpsolhv

wkdw wkh ryhuodsslqj jhqhudwlrq vwuxfwxuh ri wkh prgho lv pdlqwdlqhg dowkrxjk vrph

lpshuihfw lqwhujhqhudwlrqdo wudqvihuv wdnhv sodfh1

Revhuyh/ wkdw wkh �mr|0ri jlylqj� prwlyh iru ehtxhvw lpsolhv wkdw ehtxhvwv kdv d

�grxeoh� h�hfw rq wkh xwlolw| ri wkh djhqwv dv erwk wkh grqru dqg wkh uhfhlyhu rewdlqv

xwlolw| iurp wkh vdph wudqvihu1 Ehtxhvw lv wkh rqo| nlqg ri wudqvihu lq wkh hfrqrp|

zklfk h{klelwv wkh �grxeoh xwlolw|� ihdwxuh/ wkhuhiruh wkh xwlolw| h�hfwv ri srolf| h{0

shulphqwv/ zklfk lqfuhdvhv wklv wudqvihu rq wkh h{shqvh ri rwkhu wudqvihuv pd| eh

ryhuvwdwhg1

71515 Wkh lqvwdqwdqhrxv xwlolw| ixqfwlrq

Wkh dqqxdo xwlolw| ixqfwlrq h{klelwv frqvwdqw lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq1

Wklv hodvwlflw| lv ghqrwhg e| 7 : f1 w lv wkh udwh ri sxuh wlph suhihuhqfh dqg �
K3�c�

lv

wkh glvfrxqw idfwru iurp shulrg � wr shulrg K� �1 '
Kc|

lv wkh lqvwdqwdqhrxv xwlolw| ri

wkh krxvhkrog1

Wkh lqvwdqwdqhrxv xwlolw| ixqfwlrq/ +7143,/ lv gh�qhg dv wkh uhdo ydoxh ri wkh frqvxps0

wlrq exqgoh shu dgxow0htxlydohqw/ �
Kc|

plqxv wkh glvxwlolw| ri zrun iru wkh ihpdohv dqg

wkh pdohv phdvxuhg shu dgxow0htxlydohqw/ ~
Kc|

lq wkh uhsuhvhqwdwlyh krxvhkrog uhvshf0

wlyho|

'
Kc|

' �
Kc|

� ~
Kc|

+7143,

Wkh frqvxpswlrq lqgh{ �
Kc|

lv d FHV lqgh{ gh�qhg ryhu grphvwlf dqg lpsruwhg

frqvxpswlrq jrrgv dqg wkh glvxwlolw| ri zrun ~
Kc|

lv jlyhq e|

~
Kc|

�
;?=

�

8`

Kc|

�

.8

Kc|

� s ��8
Kc|

�
n �

�

.8

Kc|

SfS
@'�H

��

@c|

� /
@cK

� s ���
@cKc|

�
iru �H � K 	 .H

f iru K ' .H
+7144,
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zkhuh �8
Kc|

lv wkh qxpehu ri zrunlqj krxuv shu zrpdq dw djh K/ dqg ��
@cKc|

lv wkh qxpehu

ri zrunlqj krxuv shu pdq djhg @ lq wkh krxvhkrog djhg K1 s E�� lv wkh glvxwlolw| ri zrun1
Wkxv/�8`

Kc|

�s ��8
Kc|

�
lv wkh vxp ri wkh glvxwlolw| ri zrun iru zrphq lq wkh uhsuhvhqwdwlyh

krxvhkrog dw djh K1 Vlploduo|/
S

Sf

@'�H

��

@c|

� /
@cK

� s ���
@cKc|

�
lv wkh vxp ri wkh glvxwlolw|

ri zrun iru wkh phq lq wkh K0|hduv rog uhsuhvhqwdwlyh krxvhkrog1 Uhphpehu wkdw rqo|

wkh sduw ri wkh dgxowv zkr duh |rxqjhu wkdq 94 kdyh d oderu vxsso|1 Glylglqj erwk

h{suhvvlrqv e| wkh qxpehu ri dgxow0htxlydohqwv lq wkh krxvhkrog dw wkh wlph/ �.8

Kc|

lpsolhv wkdw wrwdo glvxwlolw| ri zrun lv phdvxuhg shu dgxow0htxlydohqw1

716 Lqwhuwhpsrudo rswlpl}dwlrq

Wkh pd{lpl}dwlrq sureohp ri wkh krxvhkrog pd| lq sulqflsoh eh vroyhg xvlqj wkh

vdph dssurdfk dv wkh ghflvlrq sureohp ri wkh �upv +vhh fkdswhu 5,1 Lq wklv fdvh/

rqh kdv wr vhw xs wkh Kdplowrqldq xvlqj wkh vwrfn ri zhdowk shu dgxow htxlydohqw dv

wkh vwdwh yduldeoh/ dqg pd{lpl}h wklv ixqfwlrq zlwk uhvshfw wr wkh frqwuro yduldeohv/

zklfk duh wkh krxvhkrog*v ghpdqg iru hdfk ri wkh wzr frqvxpswlrq jrrgv dqg wkh

krxvhkrog*v vxsso| ri oderu iru erwk jhqghuv dqg doo srvvleoh djhv ri wkh glvwulexwlrq

ri phq lq wkh krxvhkrog1

Wkh vshfl�fdwlrq ri wkh xwlolw| ixqfwlrq +71;, dv d FHV ixqfwlrq ryhu lqvwdqwdqhrxv

xwlolw| lqgh{/ '
Kc|

c dqg wkh gh�qlwlrq ri wkh lqvwdqwdqhrxv xwlolw| +7143, dv d FHV

ixqfwlrq ryhu wzr dgglwlyh whupv +l1h1 frqvxpswlrq jrrgv dqg glvxwlolw| iurp oderu,/

lpsolhv wkdw wkh vroxwlrq pd| +hdvlhu, eh irxqg xvlqj wkh jhqhudo vroxwlrq wr d FHV

ixqfwlrq/ zklfk lq d jhqhudo irup lv suhvhqwhg lq Dsshqgl{ E1

Wkh vroxwlrq ri wkh krxvhkrog*v pd{lpl}dwlrq sureohp iroorzv d wzr vwhs surfhgxuh1

Lq wkh �uvw vwhs/ wkh krxvhkrog ghflghv rq wkh rswlpdo hyroxwlrq ri wkh ohyho ri wkh

frqvxpswlrq lqgh{/ �
Kc|

/ dqg wkh oderu vxsso| wkurxjk wlph/ l1h1 wkh krxvhkrog gh0

whuplqhv wkh lqwhuwhpsrudo hyroxwlrq ri wkh lqvwdqwdqhrxv xwlolw| lqgh{/ '
Kc|

1 Lq wkh

vhfrqg vwhs/ wkh ydoxh ri wkh frqvxpswlrq lqgh{ dw hdfk prphqw ri wlph lv vsolw lqwr

lwv frpsrqhqwv1

Wkh lqwhuwhpsrudo pd{lpl}dwlrq sureohp iru wkh uhsuhvhqwdwlyh krxvhkrog ri djh K

dw wlph | / lv wr pd{lpl}h uhvw0ri0olih glvfrxqwhg xwlolw| jlyhq e| +71;,/ xvlqj wkh



Lqwhuwhpsrudo rswlpl}dwlrq 98

gh�qlwlrqv ri '
Kc|

dqg ~
Kc|

++7143, dqg +7144,,/ dqg vxemhfw wr wkh frqglwlrqv

@
Kc|

' E� n o
|

E�� |o
|

�� @
K3�c|3�

�

.8

K3�c|3�

�

.8

Kc|

n +
Kc|

�

�8

Kc|

�

.8

Kc|

� �
|

�
Kc|

+7145,

@
.Hc|3Kn.H

' f +7146,

@
K3�c|3�

lv jlyhq +li K � �H wkhq @
K3�c|3�

' f, +7147,

zkhuh @
Kc|

lv wkh vwrfn ri zhdowk shu dgxow0htxlydohqw ri krxvhkrog K dw wlph |1 Uhfdoo

wkdw �qdqfldo dvvhwv frqvlvw ri erwk vkduhv dqg erqgv1 Duelwudjh lpsolhv wkdw wkh

wd{ dgmxvwhg |lhogv iurp wkh wzr w|shv ri dvvhwv duh lghqwlfdo lq hyhu| shulrg/ dqg

wkhuhiruh zh qhhg rqo| wr frqvlghu wkh hyroxwlrq ri wkh wrwdo vwrfn ri zhdowk dqg

qrw wkh glvwulexwlrqv dfurvv dvvhwv1 Frqglwlrq +7145, lv wkh vdylqjv lghqwlw| phdvxuhg

shu dgxow0htxlydohqw lq wkh krxvhkrog1 Wkh �uvw whup rq wkh uljkw kdqg vlgh/ lv odvw

shulrg*v vwrfn ri zhdowk/ soxv lqwhuhvw lqfrph shu dgxow0htxlydohqw lq wkh suhvhqw

shulrg1 Wkh vhfrqg whup lv wkh qrq0lqwhuhvw lqfrph/ +
Kc|

/ jlyhq lq +716,1 Uhfdoo wkdw

+
Kc|

lv phdvxuhg shu dgxow1 Wr �qg wkh lqfrph shu dgxow0htxlydohqw zh kdyh wr pxowlso|

e| wkh iudfwlrq ��8

Kc|

*�.8

Kc|

1 Wkh odvw whup/ lv wkh frvw ri wkh frqvxpswlrq exqgoh shu

dgxow htxlydohqw/ zkhuh �
|

lv wkh sulfh lqgh{ dvvrfldwhg zlwk wkh frqvxpswlrq lqgh{/

�
Kc|

1

Frqglwlrq +7146, lv wkh whuplqdo frqglwlrq/ wkdw wkh vwrfn ri zhdowk zklfk wkh krxvh0

krog krogv dw wkh hqg ri lwv olih wlph +djh ::,/ lv htxdo wr wkh ehtxhvw zklfk lw ohdyhv wr

lwv vxffhvvruv1 Wklv lpsolhv wkdw wkh vwrfn ri zhdowk lv }hur dw �djh� ::.41 Frqglwlrq

+7147, vwdwhv wkdw wkh lqlwldo vwrfn ri zhdowk lv jlyhq e| wkh sdvw/ dqg wkdw lw lv }hur

li wkh krxvhkrog lv ri djh 4;1

Wr vroyh wkh rswlpl}dwlrq sureohp/ �uvw uhzulwh +7145,

@
Kc|

' E� n �o
Kc|

� @
K3�c|3�

n �+
Kc|

� �
|

'
Kc|

+7148,

zkhuh

�o
Kc|

� E� n o
|

E�� |o
|

��
�.8

K3�c|3�

�.8

Kc|

� � c +7149,

�+
Kc|

� +
Kc|

��8

Kc|

�.8

Kc|

� �
|

~
Kc|

+714:,

Wkxv �o
Kc|

lv wkh diwhu wd{ lqwhuhvw udwh dgmxvwhg iru wkh jurzwk lq wkh qxpehu ri shu0

vrqv lq wkh krxvhkrog +phdvxuhg lq dgxow0htxlydohqwv, dqg �+
Kc|

lv wkh qrq0lqwhuhvw

lqfrph shu dgxow0htxlydohqw fruuhfwhg iru wkh glvxwlolw| ydoxh ri zrun1 Wkxv jlyhq wkh

wd{ v|vwhp dqg wkh vshfl�hg ixqfwlrq iru wkh glvxwlolw| ri zrun/ �+
Kc|

c phdvxuhv wkh qhw
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jdlq iurp zrunlqj +phdvxuhg lq xqlwv ri wkh iruhljq jrrg, shu dgxow lq wkh krxvhkrog1

71614 Rswlpdo oderu vxsso|

Qrw vxusulvlqjo|/ �8
Kc|

dqg ��
@cKc|

vkrxog eh fkrvhq vxfk wkdw �+
Kc|

lv pd{lpl}hg dw doo wlphv1

Lqwxlwlyho|/ wklv pd{lpl}hv wkh qhw jdlq iurp zrun lq wkh krxvhkrog1 Whfkqlfdoo| lw

iroorzv iurp +7148, dqg +71;, wkdw �+
Kc|

vkrxog eh pd{lpl}hg dw doo wlphv= Vlqfh d kljkhu

ydoxh ri �+
Kc|

h{sdqgv wkh ihdvleoh ydoxh ri wkh lqvwdqwdqhrxv xwlolw| lqgh{/ '
Kc|

/ lw pxvw

eh xwlolw|0pd{lpl}lqj wr rswlpl}h �+
Kc|

zlwk uhvshfw wr wkh oderu vxssolhv1

Iurp +714:, dqg dovr xvlqj +7144,/ wkh �uvw rughu frqglwlrqv duh

Y�+
Kc|

Y�8
Kc|

' f / �8`

Kc|

s �

�
�8
Kc|

�
'

�

�
|

��8

Kc|

Y+
Kc|

Y�8
Kc|

+714;,

Y�+
Kc|

Y��
@cKc|

' f c ; @ 5 d�H( Sfo /

��

@c|

� /
@cK

� s �

�
��
@cKc|

�
'

�

�
|

��8

Kc|

Y+
Kc|

Y��
@cKc|

c ; @ 5 d�H( Sfo +714<,

Wkh lqwhusuhwdwlrq ri wkh rswlpdolw| frqglwlrq +714;, lv vlpso| wkdw wkh zrphq ri wkh

krxvhkrog vkdoo zrun xs wr wkh srlqw zkhuh wkh glvxwlolw| ri dq h{wud xqlw ri zrun

wlphv wkh qxpehu ri ihpdoh zrunhuv lv h{dfwo| r�vhw e| dq htxdo ulvh lq wkh uhdo qrq0

lqwhuhvw lqfrph pxowlsolhg e| wkh qxpehu ri dgxowv lq wkh krxvhkrog1 Wkh frqglwlrq

+714<, fdq eh lqwhusuhwhg lq d vlplodu zd|1 Iru hdfk jhqhudwlrq ri phq wkh lqfuhdvh

lq wkh glvxwlolw| ri wkh krxvhkrog iurp dq h{wud xqlw ri zrun pxvw htxdo wkh jdlq lq

uhdo lqfrph iru wkh krxvhkrog1 Vlqfh wkh frqglwlrq kdv wr eh vdwlv�hg iru doo djhv ri

phq ehwzhhq 4; dqg 93/ wkh h{suhvvlrqv +714;, dqg +714<, wrjhwkhu uhsuhvhqw 77 �uvw

rughu frqglwlrqv1

Iurp wkh gh�qlwlrq ri qrq0lqwhuhvw lqfrph/ +
Kc|

/ jlyhq lq h{suhvvlrq +716, wkh sduwldo

ghulydwlyhv ri wklv fdq eh ghgxfhg

Y+
Kc|

Y�8
Kc|

'
�8`

Kc|

��8

Kc|

�
`

|

� A�

|

E`
|

�� �
K
|

� A K

|

EK
|

�
��

+7153,

Y+
Kc|

Y��
@cKc|

'
�
`

|

� A�

|

E`
|

�� �
K
|

� A K

|

EK
|

�
�� ��

@c|

� /
@cK

��8

Kc|

+7154,

Vxevhtxhqwo| gh�qh wkh ixqfwlrq iru glvxwlolw| ri zrun dv

s
�
�a
�c|

�
'

�
�

� n �

�
�
�

�
�a
�c|

��n�
� c a ' 8c � +7155,
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Qrwh wkdw wkh glvxwlolw| ixqfwlrq lv wkh vdph iru phq dqg zrphq dqg wkh vshfl�fdwlrq

lpsolhv wkdw wkh pdujlqdo glvxwlolw| lv lqfuhdvlqj lq wkh dprxqw ri zrun1 Wkhq e| xvlqj

wklv ixqfwlrq dqg lqvhuwlqj wkh sduwldo lqfrph ghulydwlyhv/ wkh �uvw rughu frqglwlrqv

fdq eh uhzulwwhq dv

�8`

Kc|

�
�

�
�8
Kc|

� �
� '

�8`

Kc|

�
|

�
`

|

� A�

|

E`
|

�� �
K
|

� A K

|

EK
|

�
��

+7156,

��

@c|

� /
@cK

� �
�

�
��
@cKc|

� �
� '

��

@c|

� /
@cK

�
|

�
`

|

� A�

|

E`
|

�� �
K
|

� A K

|

EK
|

�
��

+7157,

Ilqdoo| vroylqj iru wkh oderu vxsso| ri zrphq dqg phq uhvshfwlyho| |lhogv

�8
Kc|

'

�
�
|

iru �H � K 	 S�
f iru K 	 �H b K � S�

dqg +7158,

��
@cKc|

'

�
�
|

iru �H � @ 	 S�
f iru @ 	 �H b @ � S�

zkhuh

�
|

�
#
d`

|

� A�

|

E`
|

�o� �
K
|

� A K

|

EK
|

�
�

�
�

�
|

$
�

+7159,

Revhuyh �uvw/ wkdw qr lqwhuwhpsrudo vshfxodwlrq lq wkh oderu vxsso| rffxuv1 Wklv

dwhpsrudo vwuxfwxuh lv gxh wr wkh dgglwlylw| dvvxpswlrq lq wkh xwlolw| ixqfwlrq/ zklfk

h{foxghv lqfrph dqg zhdowk h�hfwv iurp wkh oderu vxsso| ghflvlrq1 Wkxv oderu vxsso|

lq shulrg | lv d vlpsoh lqfuhdvlqj ixqfwlrq ri wkh pdun xs ri wkh zdjh diwhu wd{ ryhu

wkh qhw ri wd{ xqhpsor|phqw ehqh�wv lq shulrg |1

Vhfrqgo|/ erwk wkh ihpdoh dqg wkh pdoh oderu vxsso| lv xqd�hfwhg e| wkh djh ri wkh

shuvrq/ dv zhoo dv doo rwkhu fkdudfwhulvwlfv ri wkh krxvhkrog +h1j1 wkh qxpehu ri fkloguhq

lq wkh krxvhkrog,1 Wklv odfn ri h�hfwv lv gxh wr wkh qrq0djh vshfl�f irupxodwlrq ri wkh

glvxwlolw| ri oderu ixqfwlrq/ dv zhoo dv wkh fkrlfh ri qrupdol}dwlrqv ri wkh glvxwlolw| ri

oderu lq wkh xwlolw| ixqfwlrq1

Ilqdoo|/ revhuyh wkdw wkh dvvxpswlrq wkdw erwk wkh ixqfwlrqdo irup dqg wkh sdudphwhuv

ri wkh glvxwlolw| ixqfwlrq duh lghqwlfdo dfurvv jhqghuv/ lpso| wkdw wkh oderu vxsso| ri

phq dqg zrphq lv lghqwlfdo1

Dv phqwlrqhg wkh vshfl�fdwlrq ri wkh xwlolw| ixqfwlrq zloo eh vxemhfw wr hpslulfdo lq0

yhvwljdwlrqv/ zklfk pd| vljql�fdqwo| dowhu wkh vlpsoh dq v|pphwulf uhvxow suhvhqwhg
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khuh1 Wkh suhvhqw irupxodwlrq lv fkrvhq/ vlqfh lw uhsuhvhqwv wkh vlpsohvw srvvleoh

ehqfkpdun1

71615 Rswlpdo frqvxpswlrq

Jlyhq wkh ixqfwlrqv iru wkh vxsso| ri oderu +7159,/ zklfk lv d ixqfwlrq ri sulfhv dqg

sdudphwhuv doo ri zklfk duh h{rjhqrxv wr wkh krxvhkrog/ zh fdq qrz frqvlghu �+
Kc|

d nqrzq yduldeoh dw doo wlphv1 Wr vroyh wkh g|qdplf sureohp/ phdqv vroylqj wkh

gl�huhqwldo htxdwlrq +7148,1 Iluvw gh�qh �-
Kc�

dv wkh glvfrxqw idfwru/ glvfrxqwlqj iurp

shulrg � wr shulrg K

�-
Kc�

�
�\

�'Kn�

�

� n �o
�c|3Kn�3�

c sJo � : K @?_ �-
KcK

� � +715:,

Xvlqj wklv glvfrxqw idfwru zh ghulyh wkh frqvrolgdwhg exgjhw frqvwudlqw ri wkh krxvh0

krog xvlqj wkh vdylqjv lghqwlw| +7145, dqg wkh whuplqdo frqglwlrq iru wkh vwrfn ri

zhdowk +7146,1 Revhuyh wkdw
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pd| eh zulwwhq dv

.H[
�'K

�-
K3�c�

�
|3Kn�

'
�c|3Kn�

' @
K3�c|3�

nM
K3�c|3�

+715;,



Lqwhuwhpsrudo rswlpl}dwlrq 9<

zkhuh

M
K3�c|3�

�
.H[
�'K

�+
�c|3Kn�

�-
K3�c�

'
..[
�'K

�+
�c|3Kn�

�-
K3�c�

+715<,

ehfdxvh �+
.Hc|3Kn.H

' f1 M
Kc|

ghqrwhv wkh kxpdq fdslwdo shu dgxow0htxlydohqw lq wkh

krxvhkrog ri K |hduv ri djh dw wlph |1

Wkh sureohp iru wkh krxvhkrog lv qrz wr pd{lpl}h wkh remhfwlyh ixqfwlrq jlyhq lq +71;,

zlwk uhvshfw wr '
�c|3Kn�

/ � ' iK( .Hj / vxemhfw wr wkh frqvrolgdwhg exgjhw frqvwudlqw

+715;,1Wklv lv d vwdqgdug FHV0pd{lpl}dwlrq sureohp1 Dffruglqj wr Dsshqgl{ E/ wkh

vroxwlrq wr wklv sureohp lv jlyhq e|
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lv d krxvhkrog vshfl�f FHV sulfh lqgh{ ri doo ixwxuh sulfhv iru wkh uhvw ri wkh

krxvhkrog*v wlph krul}rq1 Revhuyh iurp +7163, dqg wkh gh�qlwlrqv ri �
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Wklv lv wkh vroxwlrq iru wkh lqglylgxdo frqvxpswlrq qhw ri glvxwlolw| iurp zrun1 Lqgl0

ylgxdo frqvxpswlrq ghshqgv rq wrwdo lqglylgxdo zhdowk +wkh vxp ri �qdqfldo zhdowk

dqg kxpdq fdslwdo, glylghg e| wkh FHV sulfh lqgh{1 Wkh h�hfw rq frqvxpswlrq ri

kljk ixwxuh sulfhv fdq eh vhhq wkurxjk d kljk ohyho ri wklv lqgh{1 Wklv uhgxfhv wkh

uhdo ydoxh ri wrwdo zhdowk +iru d jlyhq qrplqdo ydoxh ri wkh vwrfn ri kxpdq zhdowk/

M
K3�c|3�

, dqg wkhuhe| frqvxpswlrq1 Rq wkh rwkhu kdqg dq lqfuhdvh lq ixwxuh sulfhv
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pdnhv frqvxpswlrq wrgd| uhodwlyho| fkhdshu dqg khuhe| lqfuhdvhv wkh surshqvlw| wr

frqvxph wrgd|1 Li wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq/ 7/ lv juhdwhu wkdq 4 wkh

odwwhu h�hfw zloo grplqdwh/ zkhuhdv d orz ydoxh ri 7 +	 4, zloo phdq wkdw dq lqfuhdvh

lq ixwxuh sulfhv zloo eh dvvrfldwhg zlwk d idoo lq wrgd|*v frqvxpswlrq 0 wkh lqfrph

h�hfw lv wkhq grplqdwlqj91

Wkh idfw wkdw fxuuhqw frqvxpswlrq ghshqgv rq wkh vxp ri �qdqfldo dqg kxpdq zhdowk/

zkhuh wkh odwwhu uhsuhvhqwv wkh glvfrxqwhg ydoxh ri wkh ixwxuh vwuhdp ri qrq0lqwhuhvw

lqfrph/ lv gxh wr wkh mrlqw dvvxpswlrq ri shuihfw iruhvljkw dqg shuihfw fdslwdo pdunhwv/

zklfk hqdeohv wkh frqvxphu wr wudqvirup dq| vwuhdp ri lqfrph lqwr dqrwkhu vwuhdp

ri lqfrph zlwk wkh vdph glvfrxqwhg ydoxh1 Wklv phdqv wkdw wkh frqvxphu grhv qrw

idfh frqvwudlqwv lq wkh fdslwdo pdunhw/ dv orqj dv kh grhv qrw ylrodwh wkh frqvrolgdwhg

exgjhw frqvwudlqw1 Wkhuhiruh ixwxuh lqfrph pd| uhdglo| eh wudqviruphg lqwr fxuuhqw

frqvxpswlrq1

Iurp +7163, zh kdyh
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dqg glylglqj wklv zlwk +7168, lpsolhv
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zklfk lv wkh vwdqgdug Nh|qhv Udpvh| frqvxpswlrq vprrwklqj uxoh1 Lw vwdwhv wkdw

wkh lqfuhdvh lq wkh xwlolw| lqgh{ shu dgxow0htxlydohqw iurp rqh shulrg wr wkh qh{w lv

d ixqfwlrq ri wkh iroorzlqj idfwruv= Iluvw/ wkh udwlr ri 4 soxv wkh lqwhuhvw udwh diwhu

wd{/ wr 4 soxv wkh sxuh udwh ri wlph suhihuhqfh1 Vhfrqg/ wkh udwlr ri wkh ydoxh ri wklv

shulrg*v sulfh lqgh{ wr wkh qh{w shulrg*v1 Li wkh surgxfw ri wkhvh udwlrv lv odujhu wkdq

4/ wkhq wkh xwlolw| lqgh{ lv lqfuhdvlqj wkurxjk wlph1

717 Wkh rswlpdo ehtxhvw ghflvlrq

Wkh �qdo ghflvlrq/ wkdw d jlyhq jhqhudwlrq ri krxvhkrogv kdyh wr pdnh lv wkh ehtxhvw

ghflvlrq1 Wkh uhvxow ri wklv ghflvlrq lv hdvlo| ghulyhg jlyhq wkh vshfl�fdwlrq ri wkh
9Lq wkh olplw zkhuh V htxdov 4 0 fruuhvsrqglqj wr wkh fdvh ri orjdulwkplf xwlolw| ixqfwlrq 0 wkh

h{suhvvlrq +7168, uhgxfhv wr T
e>w

@ �
e
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� +de�4>w�4.Ke�4>w�4,^4.uw+4�w
u

w
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S
w

QHI

e�4>w�41 Vr frqvxpswlrq lv
vlpso| wkh uhdo ydoxh ri wrwdo zhdowk diwhu sd|phqw ri lqwhuhvw phdvxuhg lq wrgd|v sulfhv pxowlsolhg
e| wkh rqh0shulrg glvfrxqw idfwru1



Wkh rswlpdo ehtxhvw ghflvlrq :4

xwlolw| ixqfwlrq +71;,1 E| wkh frqvwuxfwlrq ri wklv ixqfwlrq/ wkh ehtxhvw hqwhuv vlplodu

wr frqvxpswlrq lq dq h{wud �fwlwlrxv shulrg diwhu wkh �qdo shulrg ri frqvxpswlrq

+�shulrg :;�,1 Wkh zhljkw dwwdfkhg wr ehtxhvw/ 1/ pd| krzhyhu gl�hu vljql�fdqwo|

iurp wkh zhljkw 4/ zklfk lv lpsolflwo| dwwdfkhg wr lqvwdqwdqhrxv xwlolw| dw d jlyhq

djh1 Lq wkh vlpxodwlrqv zh dvvxph wkdw 1 ' � dqg wkxv wkh zhljkw uhsuhvhqwlqj wkh

suhihuhqfhv iru ehtxhvw/ lv vlplodu wr wkh zhljkw uhsuhvhqwlqj suhihuhqfhv iru dq lqvwdq0

wdqhrxv xwlolw| lq d jlyhq |hdu1 Wkh frqvwuxfwlrq lpsolhv wkdw wkh rswlpdo ehtxhvw fdq

eh irxqg xvlqj wkh Nh|qhv0Udpvh| uxoh +716:, dgmxvwhg e| wkh suhihuhqfh sdudphwhu

lq wkh glvfrxqwlqj
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71714 Wudqviruplqj ehtxhvw lqwr lqkhulwdqfh

Lqkhulwdqfh lv dozd|v wudqvihuuhg wr wkh khluv :; |hduv diwhu wkh eluwk ri wkhlu prwkhu/

qr pdwwhu zkhwkhu vkh lv vwloo dolyh dw wkh wlph ru kdv sdvvhg dzd| hduolhu1 Wkh

lqkhulwdqfh lv qdpho| dw doo wlphv glvwulexwhg wkurxjk wkh krxvhkrogv dqg lv sdlg rxw

zkhq wkh krxvhkrog fhdvhv wr h{lvw1 Lq wkh iroorzlqj wkh whup �khlu� lv xvhg derxw

d shuvrq rqo| li kh ru vkh dfwxdoo| uhfhlyhv lqkhulwdqfh lq wkh jlyhq shulrg ri wlph1

Wkhuhiruh rxu gh�qlwlrqv lpso| wkdw khluv pxvw kdyh dq djh � ehwzhhq 5< dqg 93 0

erwk qxpehuv lqfoxghg1 Wr �qg wkh glvwulexwlrq ri khluv/ zh xvh wkh glvwulexwlrq ri

eluwkv dv uhsuhvhqwhg lq wkh [0pdwul{1 Iluvw gh�qh wkh froxpq yhfwru/ O[.H/ zlwk 65

hohphqwv/ frqwdlqlqj iru hdfk ri wkh djh jurxsv iurp 5< wr 93 uhvshfwlyho| wkh sduw

ri wkh jurxs lq txhvwlrq/ zkrvh prwkhu zdv eruq :; |hduv djr1 Xvlqj wkh qrwdwlrq

lqwurgxfhg lq wkh vxe vhfwlrq ����,_oe?�/ O[.H fdq eh zulwwhq dv ehorz
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Wkh htxdolw| lv gxh wr wkh hduolhu dvvxpswlrqv wkdw wkh pdwhuqdo glvwulexwlrq lv wlph

lqyduldqw dqg wkdw wkh pruwdolw| udwh ri shrsoh lv lqghshqghqw ri wkh djh ri wkhlu

prwkhu1 Gh�qh qh{w wkh urz yhfwru/ O�2b3Sf

|

/ zlwk 65 hohphqwv/ frqwdlqlqj wkh wrwdo

qxpehu ri phq dqg zrphq jurxshg e| djh +�uvw froxpq lv wkh qxpehu ri shuvrqv
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ehwzhhq 5< dqg 63 |hduv dqg wkh odvw frqwdlqv wkh qxpehu ri shuvrqv ehwzhhq 93

dqg 94 |hduv,1 Wkh qxpehu ri khluv dw wlph |/ �M
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/ lv wkhq ghwhuplqhg e| wkh yhfwru

surgxfw
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Wklv hqdeohv xv wr �qg wkh lqkhulwdqfh shu khlu iurp wkh krxvhkrog wkdw wxuqv :;
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lv wkh qrplqdo ehtxhvw shu dgxow0htxlydohqw lq wkh jhqhudwlrq wkdw wxuqv

:; |hduv lq shulrg |1

Wr glvwulexwh wkh lqkhulwdqfh wr wkh krxvhkrogv/ lw lv qhfhvvdu| wr glylgh wkh khluv ri

wkh krxvhkrog zklfk wxuqv :; |hduv lqwr pdohv dqg ihpdohv/ dv wkh pdohv kdyh wr eh

glvwulexwhg dffruglqj wr wkh djh ri wkhlu zlih1 Ohw �8M
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Khuh zh kdyh xvhg wkh dvvxpswlrq ri wkh uhsuhvhqwdwlyh krxvhkrogv1 Wkh qxpehu ri

phq ri djh @ lq hdfk krxvhkrog kdv wr eh odujh hqrxjk wr hqvxuh wkdw wkh sduw ri wkhvh

zkr uhfhlyhv lqkhulwdqfh grhvq*w ydu| dfurvv krxvhkrogv1 Vr lq doo wkh jhqhudwlrqv ri

krxvhkrogv wkh vkduh ri phq dw d jlyhq djh +dq| djh ehwzhhq 5< dqg 93, zkr duh

khluv lv wkh vdph gxh wr wkh odz ri odujh qxpehuv:1

Qrwh wkdw krxvhkrogv ri djhv erwk juhdwhu wkdq 93 dqg ohvv wkdq 5< fdq uhfhlyh

lqkhulwdqfh/ vlqfh phq lq wkh djhv iurp 5< wr 93 fdq eh sduw ri wkhvh krxvhkrogv1 Wkh

lqkhulwdqfh ri wkh ihpdoh djhg K |hduv dqg wkh rqh ri pdohv djhg @ |hduv lq shulrg

|/ +7175, dqg +7177, uhvshfwlyho|/ lv xvhg lq wkh uhodwlrq +716, zklfk gh�qhv wkh wrwdo

qrq0lqwhuhvw lqfrph ri wkh krxvhkrog ri djh K |hduv lq shulrg |1

718 Lqwudwhpsrudo rswlpl}dwlrq
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Wkh wrwdo frqvxpswlrq shu dgxow htxlydohqw iru wkh shulrg lq txhvwlrq/ �
Kc|

/ ghwhu0

plqhg lq +7178, lv jlyhq iru wkh dwhpsrudo rswlpl}dwlrq sureohp ri wkh krxvhkrogv

zklfk lv derxw glvwulexwlqj wrwdo krxvhkrog frqvxpswlrq shu dgxow htxlydohqw rq lwv

frpsrqhqwv1

Iljxuh 46 looxvwudwhv wkh dvvxpswlrqv derxw wkh lqwudwhpsrudo vxe xwlolw| ixqfwlrq ri

krxvhkrogv1 Dw wkh wrs ohyho sulydwh frqvxpswlrq jrrgv zklfk duh vxssolhg iurp wkh

sulydwh vhfwru vxevwlwxwhv sulydwh frqvxpswlrq jrrgv vxssolhg iurp wkh sxeolf vhfwru1

Dw wkh erwwrp ohyho sulydwho| surgxfhg frqvxpswlrq jrrgv ri grphvwlf dqg iruhljq

ruljlq vxevwlwxwh hdfk rwkhu1 Wkhuh duh qr lpsruwv ri wkh sxeolfo| surgxfhg jrrg1 Wklv

�xwlolw| wuhh� lv vshfl�hg dv qhvwhg FHV0ixqfwlrqv1 Wkh ghulydwlrq ri wkh lqwudwhpsrudo

:Wklv dujxphqw zdv qrw qhhghg iru wkh zrphq/ vlqfh doo wkh zrphq ri d jlyhq djh duh frqqhfwhg
wr wkh vdph jhqhudwlrq ri krxvhkrog1
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Total consumption
&

Privately produced
&
3

Publicly produced
&
*

Domestic origin
&
3'

Foreign origin
&
3)

Iljxuh 46 Wkh lqwudwhpsrudo xwlolw| ixqfwlrq ri wkh krxvhkrog

frqvxphu ghpdqg ixqfwlrqv wkhuhiruh surfhhgv dqdorjrxvo| wr wkh ghulydwlrq ri wkh

lqwudwhpsrudo idfwru ghpdqg v|vwhpv ri wkh surgxfwlrq vhfwruv/ fi1 fkdswhu 51

Irupdoo|/ wkh krxvhkrog fkrrvhv lwv ghpdqg iru wkh gl�huhqw frqvxpswlrq jrrgv lq

hdfk shulrg ri wlph e| plqlpl}lqj wkh frvw ri rewdlqlqj wkh lqgh{ �
Kc|

1 Wkxv/ dw wkh

wrs ohyho ghpdqgv duh wkh vroxwlrqv wr wkh iroorzlqj plqlpl}dwlrq sureohp
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zkhuh wkh wrwdo frqvxpswlrq lqgh{ �
Kc|

lv frqvlghuhg jlyhq/ ��

Kc|

lv wkh ghpdqg iru wkh

lqgh{ ri wkh sulydwh frqvxpswlrq jrrg gholyhuhg iurp wkh sulydwh surgxfwlrq vhfwru

+grphvwlf dqg iruhljq,/ dqg �C

Kc|

lv wkh ghpdqg iru wkh sulydwh frqvxpswlrq jrrg

gholyhuhg iurp wkh grphvwlf sxeolf vhfwru +wkhuh duh qr lpsruwv ri sxeolfo| surgxfhg

frqvxpswlrq jrrgv,1 ��

Kc|

dqg �C

Kc|

duh gh�qhg shu dgxow0htxlydohqw ri wkh krxvhkrog

djhg K |hduv dw wlph |1 R��
|

lv wkh sulfh lqgh{ ri sulydwho| surgxfhg frqvxpswlrq jrrgv

qhw ri wd{hv/ zkloh RC
|

lv wkh rxwsxw sulfh ri wkh jryhuqphqwdo surgxfwlrq vhfwru1 |��
|

dqg |�C
|

duh txdqwlw| h{flvh wd{hv rq wkh wzr frqvxpswlrq jrrgv1 |T �A
|

lv wkh YDW

udwh +uhsuhvhqwlqj doo dg ydoruhp wd{hv,1 j
�

: f +dqg j
�

9' ��lv wkh hodvwlflw| ri

vxevwlwxwlrq ehwzhhq wkh wzr jrrgv/ dqg >
��

: f dqg >
�C

: f duh wkh zhljkwv

dwwdfkhg wr frqvxpswlrq ri wkh wzr jrrgv lq wkh FHV vxe0xwlolw| ixqfwlrq1 Xvlqj

Dsshqgl{ E/ wkhruhp 4/ zh rewdlq wkh ghpdqg ixqfwlrqv iru wkh wzr jrrgv
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dqg wkh frqvxphu sulfh lqgh{ lv ghwhuplqhg dv
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�j�
�
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��3j
�
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�3j
� +717<,

Dw wkh erwwrp ohyho wkh ghpdqg iru wkh lqgh{ ri wkh sulydwho| surgxfhg frqvxps0

wlrq jrrg lv vsolwwhg lqwr wkh ghpdqgv iru wkh sduwv ri grphvwlf dqg iruhljq ruljlq

uhvshfwlyho| e| vroylqj wkh iroorzlqj frvw plqlpl}dwlrq sureohp
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zkhuh wkh lqgh{ ��

Kc|

lv frqvlghuhg jlyhq/ ��(

Kc|

lv wkh ghpdqg iru sulydwho| surgxfhg

sulydwh frqvxpswlrq jrrg ri grphvwlf ruljlq dqg ��8

Kc|

lv wkh ghpdqg iru wkh sulydwho|

surgxfhg sulydwh frqvxpswlrq jrrg ri iruhljq ruljlq1 Wkh txdqwlwlhv duh djdlq phd0

vxuhg shu dgxow0htxlydohqw ri wkh krxvhkrog djhg K |hduv dw wlph |1 j
��

: f +dqg

j
��

9' � , lv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq wkh wzr jrrgv/ dqg >
��(

: f dqg

>
��8

: f duh wkh zhljkwv dwwdfkhg wr frqvxpswlrq ri wkh wzr jrrgv lq wkh FHV vxe0

xwlolw| ixqfwlrq1 Djdlq xvlqj dsshqgl{ E/ wkhruhp 4/ zh rewdlq wkh ghpdqg ixqfwlrqv

iru wkh wzr jrrgv
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dqg wkh sulfh lqgh{ ri ��

Kc|

qhw ri lqgluhfw wd{hv lv ghwhuplqhg dv
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Wkh lqwhusuhwdwlrq ri wklv frqvxphu ghpdqg v|vwhp lv dqdorjrxv wr wkh lqwhusuhwdwlrq

ri wkh lqsxw ghpdqg htxdwlrqv ri wkh �upv/ fi1 fkdswhu 515140515151



:9 KRXVHKROGV

719 Yhu| rog shuvrqv

Wkh sodqqlqj krul}rq ri wkh krxvhkrog h{sluhv zkhq wkh zrpdq zkr lv wkh khdg ri

wkh krxvhkrog ehfrphv :; |hduv rog1 Wkh vxuylylqj lqglylgxdov ri vxfk krxvhkrogv

duh qdphg yhu| rog shuvrqv dowkrxjk wkh| lqfoxgh +d vpdoo qxpehu ri, |rxqjhu phq

pduulhg wr d zrphq dw ohdvw :; |hduv rog1 Lw lv dvvxphg wkdw wkh rqo| hfrqrplf

dfwlylwlhv ri wkh yhu| rog shuvrqv lv wr uhflhyh wkh ruglqdu| dyhudjh dprxqw ri vrfldo

vhfxulw| shqvlrqv/ sd| wkh qrupdo wd{ rxw ri wklv dprxqw dqg frqvxph wkh uhpdlqlqj

sduw/ l1h1 wkh| gr qrw vdyh dqg dffxpxodwh qhzzhdowk1 Ixuwkhu/ lw lv dvvxphg wkdw wkhlu

lqwudwhpsrudo xwlolw| ixqfwlrq kdyh wkh vdph ixqfwlrqdo irup dqg wkh vdph vshfl�f

ydoxhv ri lwv sdudphwhuv dv wkh lqwudwhpsrudo xwlolw| ixqfwlrq ri ruglqdu| krxvhkrogv1

Wkhuhiruh wkh yhu| rog shuvrqv doorfdwh wkhlu wrwdo frqvxpswlrq h{shqglwxuhv rq wkh

gl�huhqw frqvxphu jrrgv lq wkh vdph sursruwlrqv dv wkh ruglqdu| krxvhkrogv/ dqg

wkh FHV0sulfh lqglfhv ri frpsrvlwh frqvxphu jrrgv duh wkh vdph iru yhu| rog shuvrqv

dqg iru ruglqdu| krxvhkrogv1

Irupdoo|/ wkh lqfrph ri hdfk yhu| rog shuvrq/ +
Jc|

clv gh�qhg dv

+
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�
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zkhuh s�
|

�A�
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�
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�
dv xvxdo ghqrwhv wkh glvsrvdeoh vrfldo vhfxulw| shqvlrq1 Wkh yhu|

rog shuvrqv rewdlq wkh ghpdqg iru wkh gl�huhqw frqvxpswlrq jrrgv lq hdfk shulrg ri

wlph e| pd{lpl}lqj wkh xwlolw| lqgh{ �
Jc|

1 Wkxv/ dw wkh wrs ohyho ghpdqgv shu yhu|

rog shuvrq duh wkh vroxwlrqv wr wkh iroorzlqj pd{lpl}dwlrq sureohp
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zkhuh wkh wrwdo lqfrph/ +
Jc|

lv frqvlghuhg jlyhq/ ��

Jc|

lv wkh ghpdqg iru wkh lqgh{ ri

wkh sulydwh frqvxpswlrq jrrg gholyhuhg iurp wkh sulydwh surgxfwlrq vhfwru +grphvwlf

dqg iruhljq,/ dqg �C

Jc|

lv wkh ghpdqg iru wkh sulydwh frqvxpswlrq jrrg gholyhuhg iurp

wkh grphvwlf sxeolf vhfwru +wkhuh duh qr lpsruwv ri sxeolfo| surgxfhg frqvxpswlrq

jrrgv,1 Dv xvxvdo/ R��
|

lv wkh sulfh lqgh{ ri sulydwho| surgxfhg frqvxpswlrq jrrgv

qhw ri wd{hv/ RC
|

lv wkh rxwsxw sulfh ri wkh jryhuqphqwdo surgxfwlrq vhfwru1 |��
|

dqg

|�C
|

duh txdqwlw| h{flvh wd{hv rq wkh wzr frqvxpswlrq jrrgv/ |T �A
|

lv wkh YDW udwh

dqg j
�

: fc >
��

: f dqg >
�C

: f duh sdudphwhuv ri wkh FHV xwlolw| ixqfwlrq ehlqj



Yhu| rog shuvrqv ::

lghqwlfdo wr wkh FHV xwlolw| ixqfwlrq ri ruglqdu| krxvhkrogv vwdwhg lq +717:,1 Xvlqj

Dsshqgl{ E/ vhfwlrq 415/ zh rewdlq wkh ghpdqg ixqfwlrqv iru wkh wzr jrrgv
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+718<,

dqg wkh frqvxphu sulfh lqgh{ lv ghwhuplqhg dv
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zkhuh
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l1h1 wkh FHV xwlolw| lqgh{ �
Jc|

fdq eh lqwhusuhwhg dv d txdqwlw| lqgh{ lq ��

Jc|

c �C

Jc|

1

Wkh FHV frqvxphu sulfh lqgh{ +7193, ri wkh yhu| rog shuvrqv lv lghqwlfdo wr wkh

FHV frqvxphu sulfh lqgh{ ri +717<, ri wkh ruglqdu| krxvhkrogv gxh wr wkh lghqwlfdo

lqwudwhpsrudo xwlolw| ixqfwlrqv1

Dw wkh erwwrp ohyho wkh ghpdqg iru wkh lqgh{ ri wkh sulydwho| surgxfhg frqvxpswlrq

jrrg/ �
Jc|

/ lv vsolwwhg lqwr wkh ghpdqgv iru wkh sduwv ri grphvwlf dqg iruhljq ruljlq

uhvshfwlyho| e| vroylqj wkh iroorzlqj frvw plqlpl}dwlrq sureohp
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lv frqvlghuhg jlyhq/ ��(

Kc|

lv wkh ghpdqg iru sulydwho| surgxfhg

sulydwh frqvxpswlrq jrrg ri grphvwlf ruljlq/ ��8

Jc|

lv wkh ghpdqg iru wkh sulydwho|

surgxfhg sulydwh frqvxpswlrq jrrg ri iruhljq ruljlq dqg j
��

/ >
��(

dqg >
��8

duh wkh

sdudphwhuv ri wkh FHV vxe0xwlolw| ixqfwlrq djdlq ehlqj lghqwlfdo wr wkh fruuhvsrqglqj

vxe0xwlolw| ixqfwlrq +7184, ri ruglqdu| krxvhkrogv1 Xvlqj dsshqgl{ E/ wkhruhp 4/ zh

rewdlq wkh ghpdqg ixqfwlrqv iru wkh wzr jrrgv
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dqg wkh sulfh lqgh{ ri ��
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qhw ri lqgluhfw wd{hv lv ghwhuplqhg dv
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zklfk lv lghqwlfdo wr wkh fruuhvsrqglqj sulfh lqgh{ +7187, iru wkh ruglqdu| krxvhkrogv1

Wklv �qlvkhv wkh ehkdylrudo ghvfulswlrq ri wkh krxvhkrogv1 Lq wkh qh{w fkdswhu zh

frpsohwh wkh ghvfulswlrq ri wkh prgho e| orrnlqj dw wkh pdfurhfrqrplf uhodwlrqv1



Fkdswhu 8

PDFURHFRQRPLF UHODWLRQV

Lq wkh suhylrxv wkuhh fkdswhuv/ zh kdyh ghvfulehg wkh ehkdylru ri wkh sulydwh djhqwv

lq wkh hfrqrp|1 Wklv fkdswhu gh�qhv wkh djjuhjdwh yduldeohv/ ghvfulehv wkh ehkdylru

ri wkh iruhljq vhfwru dqg wkh ghwhuplqdwlrq ri wkh sxeolf exgjhw dqg vshfl�hv wkh

htxloleulxp frqglwlrqv iru wkh jrrgv dqg wkh oderu pdunhw1

Djjuhjdwlrq dfurvv jhqhudwlrqv lqyroyhv vrph zhljkhg vxp irupxodv zklfk duh vwdwhg

h{solflwo| lq vhsdudwh irupxodv1 Djjuhjdwlrq dfurvv surgxfhuv lv grqh e| vlpsoh vxp0

pdwlrqv zklfk duh rqo| vwdwhg zkhuh qhhghg1

814 Djjuhjdwlrq dfurvv jhqhudwlrqv

Wkh wrwdo djjuhjdwh ghpdqg iru jrrgv dqg vxsso| ri oderu lv irxqg e| dgglqj wrjhwkhu

wkh ghpdqg dqg vxsso| ixqfwlrqv ri wkh uhsuhvhqwdwlyh krxvhkrogv ri doo jhqhudwlrqv

dolyh/ dw d jlyhq prphqw lq wlph1 Wklv lv grqh iru doo shulrgv ri wlph |1 Iru hdfk

jhqhudwlrq ri krxvhkrogv/ wkh ohyho ri frqvxpswlrq shu dgxow0htxlydohqw lv zhljkwhg

e| wkh qxpehu ri dgxow0htxlydohqwv lq wkh jhqhudwlrq ri krxvhkrogv lq txhvwlrq1 Wkh

frqvxpswlrq ri wkh yhu| rog shuvrqv +zkr kdyh vxuylyhg wkh sodqqlqj krul}rq ri

wkh krxvhkrog, pxvw eh dgghg wr rewdlq wrwdo frqvxpswlrq1 Wkh vdph surfhgxuh lv

dssolhg zlwk uhvshfw wr wkh oderu vxsso|/ h{fhsw iru wkh idfw wkdw lq wklv fdvh wkh oderu

vxsso| shu dgxow ri d jhqhudwlrq ri krxvhkrogv lv zhljkwhg e| wkh qxpehu ri dgxowv

dv fkloguhq duh dvvxphg qrw wr vxsso| oderu/ dqg wkdw wkh oderu vxsso| ri wkh yhu|

rog shuvrqv lv }hur1

Wkh wrwdo qxpehu ri yhu| rog shuvrqv lv gh�qhg dv
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zkhuh �� lv wkh pd{lpxp djh ri d ihpdoh/ vxfk wkdw
S

�

�
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�8

Kc|

lv wkh vxp ri ihpdohv

zkr duh roghu wkdq :: |hduv dw shulrg |1 Vlploduo| �� lv wkh pd{lpxp djh ri d pdoh/

vxfk wkdw
S
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lv wkh vxp ri pdohv zkr duh roghu wkdq :: |hduv dw shulrg |1

Krzhyhu/ vrph ri wkhvh rog pdohv duh pduulhg wr zrphq/ zkr duh |rxqjhu wkdq ::

|hduv1 Wkh ehkdylru ri wkhvh phq lv wkhuhiruh douhdg| wdnhq lqwr frqvlghudwlrq lq wkh

ghflvlrq pdnlqj ri wkh krxvhkrogv1 Wkxv wkhvh phq kdyh wr eh vxewudfwhg iurp wkh

qxpehu ri yhu| rog shrsoh1 Wkh qxpehu ri phq roghu wkdq :; |hduv pduulhg wr zrphq

|rxqjhu wkdq :: |hduv lv jlyhq e| wkh vxp
S
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Wkh ohyho ri djjuhjdwh ghpdqg dqg vxsso| ri wkh gl�huhqw jrrgv duh gh�qhg ehorz dv
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lv wkh wrwdo grphvwlf frqvxpswlrq ghpdqg iru wkh sulydwho| surgxfhg jrrg
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lv wkh wrwdo grphvwlf frqvxpswlrq ghpdqg iru wkh jryhuqphqwdoo| surgxfhg

jrrg
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lv wkh wrwdo grphvwlf frqvxpswlrq ghpdqg iru wkh sulydwho| surgxfhg

grphvwlf jrrg
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lv wkh wrwdo grphvwlf frqvxpswlrq ghpdqg iru wkh sulydwho| surgxfhg

iruhljq jrrg
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Djjuhjdwlrq dfurvv jhqhudwlrqv ;4

zkhuh ur

|

lv wkh wrwdo oderu vxsso| phdvxuhg lq krxuv dqg
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lv wkh qxpehu ri shuvrqv lq wkh zrun irufh1
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lv wkh wrwdo vwrfn ri qrq0kxpdq zhdowk khog e| grphvwlf frqvxphuv
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lv wrwdo jurvv h{shqglwxuhv rq xqhpsor|phqw ehqh�wv
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4D iru doo | +8145,

zkhuh 8�
|

lv wkh wrwdo jurvv h{shqglwxuh rq vrfldo vhfxulw| shqvlrqv
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'
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Kc|
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iru doo | +8146,

zkhuh A`
|

lv wkh wrwdo wudqvihuv wr krxvhkrogv iurp deurdg

C
|

'
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��8

Kc|

�
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iru doo | +8147,

zkhuh C
|

lv wkh wrwdo ydoxh ri wkh oxps vxp wudqvihu wr wkh frqvxphuv1
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815 Wkh iruhljq vhfwru

Wkh grphvwlf hfrqrp| lv lqwhjudwhg lq wkh zruog hfrqrp|/ wkurxjk wudgh dqg fdslwdo

 rzv1 Dv wr �qdqfldo fdslwdo/ zh dvvxph wkdw grphvwlf frusrudwh dqg jryhuqphqw

erqgv duh shuihfw vxevwlwxwhv iru iruhljq erqgv lq d shuihfw zruog erqg pdunhw1 Uhv0

lghqfh edvhg wd{dwlrq ri lqwhuhvw lqfrph/ lpsolhv wkdw wkh grphvwlf suh0wd{ lqwhuhvw

udwh lv htxdo wr wkh iruhljq suh0wd{ lqwhuhvw udwh/ zklfk lv dvvxphg wr eh �{hg +wkurxjk

wlph, lq xqlwv ri wkh iruhljq jrrg1

Wkh dffxpxodwlrq ri grphvwlf fodlpv rq wkh uhvw ri wkh zruog/ lv ghwhuplqhg e| wkh

fxuuhqw dffrxqw

8
|

' E� n o
|

�8
|3�

n A`
|

n A`C
|

n
[
�'�cC

R�
|

�
� n |�f

|

�
f �

|

+8148,

� �

� n ||
|

#
��8

|

n
[
�'�cC

�
� ��8

|

n U �8
|

�$
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zkhuh 8
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lv wkh grphvwlf qhw vwrfn ri iruhljq dvvhwv/ A`C
|

lv wrwdo wudqvihuv wr wkh

grphvwlf jryhuqphqw iurp deurdg/ f �

|

lv h{sruwv iurp surgxfwlrq vhfwru �/ |�f
|

lv

wkh dvvrfldwhg h{sruw wd{ +qrupdoo| qhjdwlyh/ l1h1 dq h{sruw vxevlg|,1 Wrwdo lpsruw

frqvlvwv ri lpsruwhg frqvxphu jrrgv/ ��8

|

/ lpsruwhg pdwhuldov wr wkh surgxfwlrq

vhfwruv/ � ��8

|

/ dqg lpsruwhg lqyhvwphqw jrrgv wr wkh surgxfwlrq vhfwruv/ U �8
|

1 ||
|

lv

wkh wdul�1 Iru frqyhqlhqfh zh dvvxph wkdw dq lghqwlfdo wdul� dssolhv wr doo w|shv ri

jrrgv1 Vlqfh e| gh�qlwlrq wkh iruhljq sulfh lqfoxvlyh wdul� lv htxdo wr 4/ wkhq iruhljq

sulfh qhw ri wduli pxvw eh �

�n|

|

|

�

Dowhuqdwlyho|/ wkh vwrfn ri iruhljq dvvhwv pd| eh h{suhvvhg dv wkh gl�huhqfh ehwzhhq

wkh vwrfn ri wrwdo sulydwh qrq0kxpdq zhdowk/ �
|

rq wkh rqh kdqg dqg vxp ri wkh ydoxh

ri dvvhwv lvvxhg e| grphvwlf �upv dqg wkh sxeolf ghew rq wkh rwkhu kdqg

8
|
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� ET
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n�S
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n�}
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� +814:,

zkhuh T
|

lv wkh ydoxh ri vkduhv lq grphvwlf �upv/ �S

|

lv grphvwlf frusrudwh ghew/ dqg

�}

|

lv grphvwlf sxeolf erqgv1

+814:, gh�qhv wkh edodqfh ehwzhhq doo wkh krxvhkrogv dvvhwv1 Iru prvw yduldeohv wkh

prgho lv rqo| vroyhg iru | � �1 Krzhyhu iru vrph yduldeohv lqfoxglqj wkh ydoxh ri wkh

�up/ wkh prgho lv dovr vroyhg iru | ' f14 Lw lv wkhuhiruh olnho| wkdw wkh ydoxh ri wkh

�up dw wkh hqg ri shulrg f/ T
f

/ fkdqjhv frpsduhg zlwk wkh fdoleudwhg ydoxh dw wkh
4Vhh fkdswhu :1: rq wkh vroxwlrq ri wkh prgho iru dq hoderudwlrq ri wklv srlqw1



Wkh frqvxpswlrq dqg wkh exgjhw ri wkh sxeolf vhfwru ;6

vdph srlqw lq wlph/ T
|f
1 Lw lv dvvxphg wkdw qr rwkhu lwhp ri krxvhkrogv* dvvhwv fkdqjh

dw wkh hqg ri shulrg f/ l1h1 dffruglqj wr +814:, wkh vxp ri krxvhkrogv* dvvhwv/ �
f

/

pxvw fkdqjh e| wkh dprxqw T
f

�T
|f
1 Ixuwkhu/ lw lv dvvxphg wkdw wkh dvvhw kroglqjv ri

doo jhqhudwlrqv fkdqjh e| dq htxdo uhodwlyh dprxqw1 Wkh uhodwlrq ehwzhhq wkh prgho

vroxwlrq ydoxh ri jhqhudwlrq K*v dvvhwv dw wkh hqg ri shulrg f/ @
Kcf

/ dqg wkh fdoleudwhg

+lqlwldo, ydoxh iru wkh vdph phdvxuh/ @
Kc|f

/ fdq wkhuhiruh eh ghwhuplqhg xvlqj +81<, dv

@
Kcf

' @
Kc|f

#
� n

T
f

� T
|fS

..

K'�H

�.8

Kc|

@
Kc|f

$
Dowkrxjk wkh hfrqrp| lv vpdoo lq wkh vhqvh wkdw lw grhv qrw d�hfw wkh zruog pdunhw

lqwhuhvw udwh/ zh dvvxph wkdw wkh zruog surgxfwlrq ri wkh jrrg surgxfhg lq wkh

grphvwlf frxqwu| lv d�hfwhg e| wkh ohyho ri surgxfwlrq lq wkh grphvwlf frxqwu|1

Wkxv lq wklv uhvshfw wkh frxqwu| lv qrw vpdoo lq lwv rzq rxwsxw pdunhw1 Wklv lpsolhv

wkdw wkh hfrqrp| kdv hqgrjhqrxv whupv ri wudgh zlwk wkh uhvw ri wkh zruog1

Rqo| wkh wkh sulydwh vhfwru vxssolhv h{sruwv wr wkh zruog pdunhw1 Wkh iruhljq ghpdqg

iru wkh sulydwho| surgxfhg grphvwlf jrrg/ fdq eh wkrxjkw ri dv ghpdqg ixqfwlrqv

ghulyhg iurp lqwhuwhpsrudo rswlpl}dwlrq ri iruhljqhuv1 Iru vlpsolflw| lw lv dvvxphg

wkdw wkh iruhljq ghpdqg ixqfwlrqv iru wkh grphvwlf jrrgv duh lvrhodvwlf/ dqg wkdw wkh

srvlwlrqv ri wkh ghpdqg fxuyhv duh �{hg wkurxjk wlph

f �

|

' ��
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� n |�f

|

�
R�
|

�
30

�

� ' �cC +814;,

zkhuh �� : f duh frqvwdqwv/ 0� : f lv wkh sulfh hodvwlflw| lq wkh h{sruw ghpdqg1

Dv lv zhoo nqrzq iurp fodvvlfdo wudgh wkhru|/ wkh lqwurgxfwlrq ri hqgrjhqrxv whupv

ri wudgh lpsolhv wkdw wkhuh rq zhoiduh jurxqgv h{lvwv d srvlwlyh rswlpdo wdul�1 Dv

qr wdul�v duh lqwurgxfhg lq wkh suhvhqw yhuvlrq ri wkh prgho/ wklv lpsolhv wkdw dq|

srolf| wkdw lqwurgxfhv d pdujlqdo fxw edfn rq grphvwlf surgxfwlrq/ dqg wkhuhiruh d

srvlwlyh whupv ri wudgh h�hfw zloo fhwhulv sdulexv whqg wr lqfuhdvh wkh xwlolw| ri wkh

uhsuhvhqwdwlyh frqvxphu lq wkh grphvwlf hfrqrp| dw wkh h{shqvh ri frqvxphuv deurdg1

Wkxv wkh hqgrjhqrxv whupv ri wudgh lqwurgxfhv wkh srvvlelolw| ri xvlqj �ehjjdu wk|

qhljkeru srolflhv� wr lqfuhdvh grphvwlf zhoiduh1 Dv zloo eh dssduhqw lq fkdswhu ;/ wklv

kdv vljql�fdqw h�hfwv rq prvw ri wkh srolf| h{shulphqwv1

816 Wkh frqvxpswlrq dqg wkh exgjhw ri wkh sxeolf vhfwru

Ehvlghv ehlqj d surgxfhu/ wkh +pdlq, uroh ri wkh jryhuqphqw lv wr froohfw wd{hv/ wr

�qdqfh xqhpsor|phqw dqg shqvlrq ehqh�wv/ rwkhu shuvrqdo wudqvihuv vxfk dv idplo|
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doorzdqfh wudqvihuv/ dqg sxeolf frqvxpswlrq zklfk lv jryhuqphqw sxufkdvhv ri jrrgv

dqg vhuylfhv vxssolhg vroho| iurp wkh jryhuqphqwdo surgxfwlrq vhfwru1 Qrwlfh wkdw

wklv sxeolf frqvxpswlrq grhv qrw h{solflwo| hqwhu wkh xwlolw| ixqfwlrq ri wkh djhqwv1

Rqh lqwhusuhwdwlrq ri wklv lv/ wkdw wkh xwlolw| ixqfwlrq ri wkh djhqwv kdv dq lpsolflw

dgglwlyho| vhsdudeoh dujxphqw frqwdlqlqj wkh sxeolf frqvxpswlrq/ wkxv wkh dprxqw

ri sxeolf frqvxpswlrq grhv qrw d�hfw wkh pdujlqdo xwlolw| ri sulydwh frqvxpswlrq dqg

ylfh yhuvd1 Wklv vshfl�fdwlrq ri jryhuqphqw frqvxpswlrq lq wkh xwlolw| ixqfwlrq +l1h1

lw lv rplwwhg, lpsolhv wkdw wkh prgho lv loo0vxlwhg wr dqdo|}h zhoiduh h�hfwv ri fkdqjhv

lq wkh vl}h ri jryhuqphqw frqvxpswlrq shu vh51

Wkh jryhuqphqw idfhv dq lqwhuwhpsrudo exgjhw frqvwudlqw +wkh vr0fdoohg Qr Srq}l

Jdph Frqglwlrq,/ zklfk lpsolhv wkdw wkh glvfrxqwhg ydoxh ri jryhuqphqw ghew kdv wr

frqyhujh wr }hur iru wlph dssurdfklqj lq�qlw|1 Wklv phdqv/ wkdw lq wkh orqj uxq wkh

lqfuhdvh lq wkh sxeolf ghew pxvw eh ohvv wkdq wkh lqwhuhvw sd|phqwv rq wkh ghew1

Wkh frqvrolgdwhg exgjhw frqvwudlqw ri wkh jryhuqphqw lv ghulyhg e| xvlqj wkh vdylqjv

lghqwlw| dqg wkh Qr Srq}l Jdph frqglwlrq1 Wkh surfhgxuh lv vlplodu wr wkh ghulydwlrq

ri wkh frqvrolgdwhg exgjhw frqvwudlqw ri wkh krxvhkrog lq fkdswhu 71 Wklv |lhogv wkh

uhvxow wkdw wkh suhvhqw glvfrxqwhg ydoxh ri wkh vwuhdp ri wd{ uhyhqxhv pxvw eh juhdwhu

wkdq ru htxdo wr wkh vxp ri wkh sxeolf ghew dqg wkh suhvhqw glvfrxqwhg ydoxh ri wkh

vwuhdp ri jryhuqphqw h{shqglwxuhv
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+814<,

zkhuh f|@%
r

lv wkh wrwdo wd{ uhyhqxh dw wlph rc 	C
r

lv wkh wrwdo sxeolf h{shqglwxuhv qhw

ri lqwhuhvw sd|phqwv dw wlph rc �}

|

lv wkh vwrfn ri rxwvwdqglqj sxeolf ghew dw wlph |�

Ylrodwlqj wklv phdqv/ wkdw sulydwh djhqwv duh qrw zloolqj wr krog jryhuqphqw erqgv1

Frqvlvwhqf| wkxv uhtxluhv/ wkdw d srolf| uhdfwlrq ixqfwlrq lv dvvxphg wr ixo�oo wkh

lqwhuwhpsrudo exgjhw frqvwudlqw1

D vlpsoh srolf| uhdfwlrq uxoh/ lv wr dvvxph wkdw wkh jryhuqphqw xvhv d oxps vxp

wudqvihu2wd{ wr nhhs wkh jryhuqphqw exgjhw edodqfhg lq hyhu| shulrg/ l1h1 wr nhhs

wkh jryhuqphqw ghew �{hg1 Wklv kdv wkh frqyhqlhqw ihdwxuh/ wkdw qr g|qdplf h�hfwv
5Wklv zrxog |lhog d udwkhu shfxoldu srolf| �qglqj/ vlqfh xwlolw| lv lqyhuvho| fruuhodwhg zlwk wkh

vl}h ri jryhuqphqw sxufkdvhv 0 wkhuhiruh glplqlvklqj jryhuqphqw h{shqglwxuhv zloo xqdpeljxrxvo|
lqfuhdvh zhoiduh$ Wklv sureohp fdq eh vroyhg e| dowhulqj wkh xwlolw| ixqfwlrq wr wdnh jryhuqphqw
h{shqglwxuhv lqwr dffrxqw1 Krzhyhu/ wklv phwkrg lv qrw xvhg khuh/ vlqfh lw zrxog jlyh fdxvh wr
dq hyhq odujhu sureohp zkhq fdoleudwlqj wkh prgho> krz wr ghwhuplqh wkh zhljkw wr sodfh rq wkh
h{shqglwxuhv ri wkh sxeolf vhfwruB



Wkh frqvxpswlrq dqg wkh exgjhw ri wkh sxeolf vhfwru ;8

duh ihg lqwr wkh hfrqrp| iurp d fkdqjh lq wkh sxeolf ghew1 Krzhyhu/ wkh dvvxpswlrq

lpsolhv wkdw uhgxflqj dq| glvwruwlrqdu| wd{ udwh zlwkrxw vshfli|lqj d vrxufh ri �qdqfh/

whqgv wr ohdg wr d zhoiduh lpsuryhphqw vlqfh wklv dprxqwv wr uhsodflqj d glvwruwlrqdu|

wd{ zlwk d qrq glvwruwlrqdu|1 Wkxv zhoiduh lpsolfdwlrqv ri xqghu�qdqfhg uhirupv whqgv

eh xszdug eldvhg1 Wkh rssrvlwh lv wuxh iru ryhu�qdqfhg uhirupv1 Nhhslqj wkhvh eldvhv

lq plqg/ zh dvvxph wkh vlpsoh +dqg xquhdolvwlf, srolf| uxoh1 Wkh jryhuqphqw exgjhw

frqvwudlqw wkhq ehfrphv
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lv wkh sxeolf frqvxpswlrq1 f 	 	} 	 � lv d frqvwdqw iudfwlrq dqg
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lv qrplqdo JGS1 RC
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lv wkh wrwdo uhzdug wr wkh jryhuqphqwdo fdslwdo vwrfn1
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lv wkh wd{ uhyhqxh iurp glvwruwlrqdu| wd{hv lq wkh hfrqrp|1 Zh gh�qh wkh wd{
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uhyhqxhv iurp hdfk glvwruwlrqdu| wd{ vhsdudwho| +dqg ydolg iru doo |,
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zkhuh uA
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lv wkh wd{0uhyhqxh iurp oderu lqfrph wd{ rq hpsor|hg/ �A
|

lv wkh wd{0

uhyhqxh iurp oderu lqfrph wd{ rq xqhpsor|hg1 Wkhvh uhyhqxhv duh gl�huhqwldwhg dv

hpsor|hg shuvrqv duh vxemhfw wr wkh oderu pdunhw frqwulexwlrq wd{ zkhuhdv xqhp0

sor|hg duh qrw1 A-A
|

lv wkh wd{0uhyhqxh iurp wd{dwlrq ri djh vshfl�f wudqvihuv/ �A
|

lv wkh wd{0uhyhqxh iurp wd{dwlrq ri sxeolf shqvlrqv/ .A
|

lv wkh wd{0uhyhqxh iurp wkh

sd|uroo wd{/ T �A
|

lv wkh wd{ uhyhqxh iurp ydoxh dgghg frqvxpswlrq wd{hv/ -�
|

lv wkh

wd{ uhyhqxh iurp frqvxpswlrq txdqwlw| wd{hv/ -A
|

lv wkh wd{0uhyhqxh iurp wkh wd{ rq

lqwhuhvw sd|phqwv/ (A
|

lv wkh wd{0uhyhqxh iurp wkh wd{dwlrq ri glylghqgv/ �A
|

lv wkh

wd{0uhyhqxh iurp frusrudwh wd{dwlrq/ CA
|

lv wkh wd{0uhyhqxh iurp wkh fdslwdo jdlqv

wd{/ �A
|

lv wkh uhyhqxh iurp wkh wd{ rq pdwhuldov/ UA
|

lv wkh uhyhqxh iurp wkh wd{ rq



Htxloleulxp frqglwlrqv ;:

lqyhvwphqw/ fA
|

lv wkh qhjdwlyh uhyhqxh iurp wkh h{sruw vxevlglhv/ dqg �qdoo|/ AA
|

lv

wkh grphvwlf wdul�0uhyhqxh1

Wkh fdslwdo jdlqv wd{ uhyhqxh/ CA
|

/ lv vlpso| fdofxodwhg dv wkh wd{ udwh/ |}
|

/ wlphv

wkh lqfuhdvh lq wkh ydoxh ri wkh �up/ T
|

� T
|3�

/ gxulqj shulrg | iru doo shulrgv h{fhsw

wkh �uvw1 Iru wkh �uvw shulrg zh dgg d fdslwdo jdlqv wd{ iru shulrg f/ li wkh ydoxh ri

wkh �up dw wkh hqg ri shulrg f/ T
f

/ kdv fkdqjhg frpsduhg zlwk wkh fdoleudwhg ydoxh

dw wkh vdph srlqw lq wlph/ T
|f
1 Wklv lv ehfdxvh wkh prgho lv qrw vroyhg iru wkh wd{

uhyhqxh +dqg prvw rwkhu yduldeohv, lq shulrg f16

Wkh wrwdo wd{ uhyhqxh lv gh�qhg dv
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+816:,

817 Htxloleulxp frqglwlrqv

Wr forvh wkh prgho/ zh qhhg wkh pdunhw fohdulqj frqglwlrqv iru wkh grphvwlf jrrgv

pdunhwv dqg wkh pdunhw iru oderu1 Wkhvh duh jlyhq e|
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6Vhh fkdswhu :1: rq wkh vroxwlrq ri wkh prgho iru dq hoderudwlrq ri wklv srlqw1



;; PDFURHFRQRPLF UHODWLRQV



Fkdswhu 9

VWDWLRQDU\ VWDWH

Wkh sxusrvh ri wklv fkdswhu lv wzrirog1 Iluvw/ zh ghprqvwudwh wkdw wkh prgho kdv d

xqltxh vwdwlrqdu| vwdwh iru wkh fxuuhqw fdoleudwlrq1 Lw lv txlwh lpsruwdqw wr eh vxuh

wkdw wkhuh lv rqo| rqh vwdwlrqdu| vwdwh lq wkh prgho1 Lq wkh rffxuuhqfh ri pxowlsoh

vwdwlrqdu| vwdwhv/ lqvwdelolw| iru vrph ri wkh vwdwlrqdu| vwdwhv zloo prvwo| eh wkh fdvh1

Wkhuh lv wkhuhiruh d srvvlelolw| iru xqlqwhqwlrqdoo| fdoleudwlrq ri d xqvwdeoh vwdwlrqdu|

vwdwh/ zklfk lv xqghvludeoh1 Vhfrqg/ zh ghvfuleh wkh ehkdylru ri wkh krxvhkrogv ri gli0

ihuhqw djhv lq wkh vwdwlrqdu| vwdwh ri wkh prgho1 Wkh ghvflswlrq lv edvhg rq qxphulfdo

vlpxodwlrqv/ l1h1 wkh suhglfwlrqv ri wkh prgho jlyhq wkh pdfurhfrqrplf fdoleudwlrq1

Xqltxhqhvv ri wkh vwdwlrqdu| vwdwh lv ghprqvwudwhg sduwo| dqdo|wlfdoo|/ sduwo| qx0

phulfdoo|1 Iluvw lw lv vkrzq pdwkhpdwlfdoo| wkdw lq vwdwlrqdu| vwdwh wkhuh h{lvwv dq

djjuhjdwh yhuvlrq ri wkh prgho1 Lq wklv djjuhjdwh prgho lw lv srvvleoh wr ghulyh dq

djjuhjdwh vxsso| fxuyh1 Dv qr qrq0surgxfhg jrrg h{lvwv/ wkhuh lv qr qrplqdo dqfkru

dqg wkhuhiruh qr djjuhjdwh ghpdqg fxuyh lq wkh vwdqgdug gh�qlwlrq1 Krzhyhu/ zh

ghulyh wkh djjuhjdwh ghpdqg dv d ixqfwlrq ri wkh vxsso| lq wkh hfrqrp| e| ljqrulqj

wkh pdunhw fohdulqj frqglwlrq lq wkh jrrgv pdunhw1 Xvlqj wkh �svhxgr ghpdqg uhod0

wlrqvkls� dqg wkh djjuhjdwh vxsso| fxuyh zh ghprqvwudwh qxphulfdoo| wkdw wkhuh lv d

xqltxh vwdwlrqdu| htxloleulxp ri wkh fxuuhqw fdoleudwlrq1

914 Wkh vxsso| vlgh ri wkh hfrqrp|

D vwdwlrqdu| vwdwh htxloleulxp lv gh�qhg dv d whpsrudu| htxloleulxp/ zkhuh wkh hfr0

qrplf yduldeohv duh frqvwdqw wkurxjk wlph1 Wr dqdo|}h wkh vwdwlrqdu| vwdwh zh uhshdw

wkh �uvw rughu frqglwlrqv iurp wkh jhqhudo fdvh ljqrulqj wkh wlph lqgh{1

Wkh �uvw sduw ri wkh dqdo|vlv frqfhuqv wkh djjuhjdwh vxsso| vfkhgxoh1 Wkh gh�qlwlrq

ri wkh djjuhjdwh vxsso| lv= Wkh vxsso| ri jrrgv iurp wkh �upv dv d ixqfwlrq ri wkh

sulfh ri wkh grphvwlf surgxfw jlyhq wkdw wkh oderu pdunhw lv lq htxloleulxp dqg wkdw



<3 VWDWLRQDU\ VWDWH

wkh �upv duh qrw udwlrqhg lq wkhlu ghpdqgv iru lpsruwhg lqsxwv1

Wkh surfhgxuh wr ghulyh wkh djjuhjdwh vxsso| lv= Iluvw/ revhuyh wkdw wkh v|vwhp ri �uvw

rughu frqglwlrqv gh�qhv wkh ghpdqg iru d vshfl�f lqsxw dv d ixqfwlrq ri wkh wzr uh0

pdlqlqj lqsxwv soxv qrplqdo zdjh dqg wkh rxwsxw sulfh1 Vhfrqg/ xvh wkh krprjhqhlw|

ri ghjuhh 3 ri wkh pdujlqdo surgxfwv wr ghwhuplqh lqsxwv uhodwlyh wr wkh oderu lqsxw1

Wkh v|vwhp ri �uvw rughu frqglwlrqv qrz ghwhuplqhv wkh lqsxw ri pdwhuldo dqg fdslwdo

uhodwlyh wr wkh lqsxw ri oderu dqg ghwhuplqhv d uhodwlrqvkls ehwzhhq wkh qrplqdo zdjh

dqg wkh rxwsxw sulfh zklfk kdv wr eh ixo�oohg lq rswlpxp1 Wkh �qdo vwhs lv lqvhuw

wkh htxloleulxp lq wkh oderu pdunhw/ zklfk lpsolhv wkdw ghpdqg iru oderu lv htxdo wr

vxsso| ri oderu/ zkhuh wkh odwwhu lv ghwhuplqhg e| wkh uhodwlrq ehwzhhq wkh qrplqdo

zdjh dqg wkh rxwsxw sulfh zklfk zdv d uhvxow ri wkh v|vwhp ri �uvw rughu frqglwlrq

ri wkh �up1

Lq wkh iroorzlqj zh shuirup wkhvh 6 vwhsv wr ghulyh wkh djjuhjdwh vxsso| fxuyh=

91414 Vwhs 4= Wkh v|vwhp ri �uvw rughu frqglwlrqv ri wkh �up

Wkh �uvw rughu frqglwlrqv ri wkh �upv duh jlyhq lq wkh htxdwlrqv +514:, 0 +5154, dw

sdjh 591 Lq wkh vwdwlrqdu| vwdwh wkh| ehfrph
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Wkh lqwhusuhwdwlrq ri wkh htxdwlrqv +914, dqg +915, lv vlplodu wr wkh rqh jlyhq lq

fkdswhu 51 Uhodwlrq +918, lv d vshfldo fdvh ri uhodwlrq +5158, iurp sdjh 5;/ zkhuh zh

kdyh xvhg wkh idfw wkdw wkh wd{ udwh dqg wkh udwh ri lqwhuhvw lv frqvwdqw wkurxjk wlph



Wkh vxsso| vlgh ri wkh hfrqrp| <4

lq wkh vwdwlrqdu| vwdwh1 Wkhuhiruh b
2

lv wkh wd{0dgmxvwhg glvfrxqwhg vwuhdp ri wkh

ghsuhfldwlrq doorzdqfh lq wkh hqwluh wlph krul}rq1 Wkh glvfrxqwlqj frqwdlq erwk wkh

ghsuhfldwlrqj lq wkh errn ydoxh ri wkh �up dqg wkh wd{0dgmxvwhg lqwhuhvw udwh1

Wkh �uvw rughu frqglwlrqv frqfhuqlqj wkh fdslwdo vwrfn uhgxfhv hyhq ixuwkhu frpsduhg

wr fkdswhu 51 Wklv iroorzv iurp wkh idfw wkdw lq wkh vwdwlrqdu| vwdwh/ wkh vwrfn ri fdslwdo

lv frqvwdqw1 Wkhuhiruh qhw0lqyhvwphqwv duh 3/ dqg jurvv lqyhvwphqwv duh htxdo wr wkh

ghsuhfldwlrq ri h{lvwlqj fdslwdo1 Wkxv wkh htxdwlrq iru wkh dffxpxodwlrq ri fdslwdo/

+519, dw sdjh 55/ ehfrphv

U ' Bg +919,

Vxevwlwxwlqj +918, dqg +919, lqwr +916, dqg xvlqj wkdw Yx

YU

lv krprjhqrxv ri ghjuhh 3/

|lhogv
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YU
EBc ��� E�� |}� |S	B

E�� |o� o n E�� |}� 	B
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+91:,

Lq wkh vwdwlrqdu| vwdwh wkh vkdgrz sulfh ri fdslwdo glylghg e| wkh uhsodfhphqw frvw

ri fdslwdo/ b�

R

U

c lv jlyhq e| wkh ydoxhv ri wkh fdslwdo lqfrph wd{ udwhv/ wkh frvwv ri

lqvwdoodwlrq ri fdslwdo dqg wkh ghjuhh ri ghew �qdqflqj lq wkh �up1

Wrelq*v pdujlqdo t lv gh�qhg dv wkh udwlr ri wkh vkdgrz sulfh ri fdslwdo wr wkh uh0

sodfhphqw frvw ri fdslwdo +vhh Kd|dvkl +4<;5,,1 Lq vwdqgdug wh{werrn pdfurhfrqrplf

prghov +zlwkrxw fdslwdo lqfrph wd{dwlrq, wklv udwlr lv htxdo wr 4 lq wkh vwdwlrqdu|

vwdwh1 Gxh wr wkh idfw wkdw wkh frvw ri lqvwdoodwlrq ri fdslwdo lv gh�qhg dv d ixqfwlrq ri

jurvv lqyhvwphqw +dv rssrvhg wr qhw0lqyhvwphqwv,/ wklv lv qrw wkh fdvh lq wkh suhvhqw

prgho1 Wkh lqfoxvlrq ri wkh ghew udwlr ri wkh �up lq wkh h{suhvvlrq deryh lv gxh wr

wkh gh�qlwlrq ri b
�

dv wkh vkdgrz sulfh ri fdslwdo wr wkh rzqhuv ri wkh vwrfn ri vkduhv

lq wkh �up dqg qrw wr wkh �up dv vxfk1 Dv lv fohdu iurp wkh h{suhvvlrq +91:, deryh

wkh lqwurgxfwlrq ri wd{ ghgxfwdeoh ghsuhfldwlrq udwhv lpsolhv wkdw Wrelq*v t ghyldwhv

iurp 41

Vxevwlwxwlqj Wrelq*v t lqwr +917, dqg xvlqj wkdw Yx

Yg

lv krprjhqrxv ri ghjuhh 3 lpsolhv

wkdw dovr wkh pdujlqdo surgxfw ri fdslwdo lq wkh vwdwlrqdu| vwdwh lv jlyhq dv d ixqfwlrq

ri wkh surgxfhu sulfh/ R dqg h{rjhqrxv yduldeohv

Y8

Yg
E�cgcu� ' qrr ER� +91;,
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zkhuh
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Lq vwdqgdug wh{werrn prghov ri d vpdoo/ rshq hfrqrp| wkh pdujlqdo surgxfw ri fdslwdo

lq wkh vwdwlrqdu| vwdwh lv jlyhq e| wkh vxp ri wkh zruog lqwhuhvw udwh dqg wkh udwh

ri ghsuhfldwlrq ri fdslwdo1 Ljqrulqj wd{hv dqg wkh idfw wkdw wkh frvw ri lqvwdoodwlrq

ri fdslwdo lv d ixqfwlrq ri jurvv lqyhvwphqw/ zh vhh wkdw wklv lv dovr wkh fdvh lq wkh

suhvhqw prgho1

Gh�qlqj wkh frvw ri fdslwdo/ �/ dv wkh uhtxluhg uhwxuq wr d pdujlqdo xqlw ri fdslwdo qhw

ri sk|vlfdo ghsuhfldwlrq phdvxuhg lq xqlwv ri rxwsxw sulfhv lq wkh vwdwlrqdu| vwdwh/

zh kdyh wkdw wkh pdujlqdo frqglwlrq pd| eh zulwwhq dv
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Yg
E�cgcu�� B

RU ERc ��

R
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Xvlqj wkh frqglwlrqv +91;, dqg +91<, |lhogv wkh iroorzlqj h{suhvvlrq iru wkh frvw ri

fdslwdo
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Revhuyh wkdw wkh frvw ri fdslwdo idov lqwr wkuhh sduwv= frvw ri �qdqflqj/ �oc frvw ri

ghsuhfldwlrq/ �Bc dqg frvw ri lqvwdoodwlrq ri fdslwdo/ �x1 Wkh frvw ri �qdqflqj lv gh�qhg

dv

�o '
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+9145,

Li wkh wd{ v|vwhp grhv qrw d�hfw wkhq wkh �qdqflqj frvw uhgxfhv wr R

U

ERc��

R

o� Revhuyh

wkdw wklv lv wkh fdvh li hlwkhu E�� |o� ' E�� |}� E�� |S� vxfk wkdw wkh wd{dwlrq ri

ghwdlqhg glylghqgv lv lghqwlfdo wr wkh wd{dwlrq ri lqwhuhvw lqfrph ru li wkh �up l 433(

ghew �qdqfhg E} ' ��1 Revhuyh dovr wkdw wkh glylghqg wd{ udwh/ |_c grhv qrw d�hfw

wkh �qdqflqj frvwv1 Wklv lv gxh wr wkh dvvxpswlrq wkdw wkh iudfwlrq E�� }� ri wkh

lqyhvwphqw l �qdqfhg frpsohwho| eh ghwdlqhg hduqlqjv1

Wkh frvw ri ghsuhfldwlrq lv gh�qhg dv
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Wkh vxsso| vlgh ri wkh hfrqrp| <6

Wkhvh frvwv duh }hur/ li wkh udwh ri ghsuhfldwlrq doorzhg e| wkh wd{ v|vwhp lv lghqwlfdo

wr wkh udwh ri sk|vlfdo ghsuhfldwlrq1 Lq wkh Gdqlvk hfrqrp| +dqg lq wkh fxuuhqw

fdoleudwlrq, wkh ghsuhfldwlrq doorzhg e| wkh wd{ v|vwhp lv kljkhu wkdq wkh sk|vlfdo

ghsuhfldwlrq/ vxfk wkdw wkhvh frvwv duh lq idfw qhjdwlyh1

Wkh �qdo sduw ri wkh frvw ri fdslwdo lv wkh frvw ri lqvwdoodwlrq jlyhq dv

�x ' � EB�n� n
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RU ERc ��

R
E� n � EB� +9147,

zkhuh zh kdyh lqvhuwhg wkh ydoxh ri wkh sduwldo ghulydwlyhv ri wkh x�ixqfwlrq lq wkh

vwdwlrqdu| vwdwh

Diwhu wkhvh pdqlsxodwlrqv wkh v|vwhp ri �uvw rughu frqglwlrqv lv uhgxfhg wr +914,/

+915,/ dqg +91;,1

91415 Vwhs 5= Ghwhuplqlqj uhodwlyh lqsxwv dqg uhodwlyh sulfhv

Lq wklv vhfwlrq zh gh�qh wkh fdslwdo0oderu0 dqg pdwhuldov0oderu0udwlrv &/ dqg 6 uh0

vshfwlyho|

& � g

u
+9148,

6 � �

u
+9149,

Dv 8 E�cgcu� lv krprjhqhrxv ri ghjuhh 4/ wkh sduwldo ghulydwlyhv ri wklv ixqfwlrq

duh krprjhqhrxv ri ghjuhh 3/ zklfk lpsolhv wkdw wkh uhgxfhg v|vwhp ri �uvw rughu

frqglwlrqv lq wkh vwdwlrqdu| vwdwh +914,/ +915,/ dqg +91;, pd| eh zulwwhq dv
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Wklv kdv d qrq0dqdo|wlfdo vroxwlrq iru d jlyhq sulfh R
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Wkh vljqv ri wkh �uvw ghulydwlyhv duh ghulyhg lq Dsshqgl{ F1 Revhuyh wkdw/ 6/ & dqg

` doo lqfuhdvlqj lq wkh ohyho ri rxwsxw sulfh1 Dv vkrzq lq Dsshqgl{ F/ wklv lv dovr

wuxh iru wkh surgxfw uhdo zdjh/ ` ER�

R

1

91416 Vwhs 6= Wkh htxloleulxp lq wkh oderu pdunhw

Lq wkh vwdwlrqdu| vwdwh wkh vxsso| ri oderu ghwhuplqhg iurp +7159, lv jlyhq dv

� '
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K� A K EK�
�

�
�

�

$
�

+9154,

dqg wkh djjuhjdwh vxsso| ri oderu wkhuhe|

u ' ��` +9155,

Xvlqj wkh idfw wkdw wkh ohyho ri ehqh�wv lv lqgh{hg e| wkh zdjh udwh dv jlyhq e| wkh

lqgh{dwlrq uxoh/ +718, dw sdjh 93/ zh �qg wkdw wkh qxphudwru ri +9154, lv dq lqfuhdvlqj

ixqfwlrq ri wkh qrplqdo zdjh1 Iurp wkh gh�qlwlrq ri wkh sulfh lqgh{/ � / jlyhq lq

htxdwlrq +BB, dw sdjh BB/ zh kdyh wkdw wkh sulfh lqgh{ lv dq lqfuhdvlqj ixqfwlrq ri

wkh grphvwlf rxwsxw sulfh1 Ilqdoo| lqvhuwlqj wkh uhodwlrq ehwzhhq wkh qrplqdo zdjh

dqg wkh rxwsxw sulfh zklfk lv jlyhq e| wkh uhgxfhg v|vwhp ri �uvw rughu frqglwlrqv

lq vwhs 5 +vhh htxdwlrq +9153,, lqwr wkh oderu vxsso| frqglwlrq/ lpsolhv wkdw zh pd|

zulwh wklv dv
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Wkh djjuhjdwh vxsso| ri oderu lv lqfuhdvlqj lq wkh grphvwlf rxwsxw sulfh1 Wklv lv vkrzq

lq Dsshqgl{ F1 Wkh idfw wkdw oderu vxsso| +dqg wkxv hpsor|phqw, lv lqfuhdvlqj lq wkh

grphvwlf rxwsxw sulfh lpsolhv wkdw lqsxwv ri doo idfwruv duh lqfuhdvlqj lq wkh grphvwlf

rxwsxw sulfh ohyho1 Wklv iroorzv iurp wkh idfw wkdw

� ' � ER� � 6 ER� � u ER� +9157,

g ' g ER� � & ER� � u ER� +9158,

Ilqdoo| wkh djjuhjdwh vxsso| ixqfwlrq lv ghgxfhg iurp +51;, 0 vhh sdjh 56 0 dqg +919,

t ' t 7 ER� � 8 d� ER� c g ER� c u ER�o�xEBc ��g ER� +9159,

Wklv lv wkh djjuhjdwh vxsso| ixqfwlrq1 Reylrxvo|

t 7

�

R

: f

Wkh djjuhjdwh vxsso| fxuyh edvhg rq wkh qxphulfdo vroxwlrq lv vkrzq lq �jxuh 47
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Iljxuh 47 Djjuhjdwh Vxsso|

915 Wkh ghpdqg vlgh ri wkh hfrqrp|

Wkh ghpdqg0vlgh lv pruh frpsolfdwhg wkdq wkh vxsso|0vlgh1 Wkhuh lv wzr uhdvrqv

iru wklv1 Iluvw/ dv w|slfdoo| lq qhr0fodvvlfdo prghov +zlwk qr qrq0surgxfhg jrrg, wkh

ghpdqg0vlgh fdq rqo| eh dqdo|}hg jlyhq wkh vxsso|0vlgh1 Revhuyh/ wkdw wkh hqwluh

dqdo|vlv lq wkh odvw vhfwlrq frxog eh grqh zlwkrxw dq| phqwlrq ri wkh ghpdqg0vlgh1

Iru jlyhq grphvwlf sulfh/ wkh vxsso|0vlgh frphv uhfxuvlyho| ehiruh wkh ghpdqg0vlgh1

Vhfrqgo|/ wkh ehkdylru ri wkh krxvhkrogv/ zklfk lv wkh prvw frpsolfdwhg sduw ri wkh

prgho/ lv wr eh irxqg dw wkh ghpdqg0vlgh1

Zkloh wkh djjuhjdwh vxsso| fxuyh frxog eh ghulyhg e| vroylqj d olplwhg qxpehu ri wkh

prghov vwdwlrqdu| vwdwh htxdwlrqv/ wkh djjuhjdwh ghpdqg fxuyh lv irxqg e| vroylqj

wkh hqwluh vwdwlrqdu| vwdwh prgho +h{fhsw wkh htxloleulxp frqvwudlqw rq wkh grphvwlf

jrrg pdunhg, iru jlyhq grphvwlf sulfh1 Wkh hqwluh prgho lv wkhuhiruh �ehklqg� wkh

djjuhjdwh ghpdqg fxuyh1

Wkh ryhudoo sodq lv dv iroorzv= �uvw dq djjuhjdwh frqvxpswlrq ixqfwlrq lv ghulyhg

xvlqj wkh Nh|qhv0Udpvh| uxoh1 Wklv |lhogv d olqhdu uhodwlrqvkls ehwzhhq djjuhjdwh

frqvxpswlrq qhw ri glvxwlolw| ri zrun dqg wrwdo zhdowk +qrq0kxpdq zhdowk soxv kxpdq

fdslwdo,1 Vhfrqgo|/ lw lv ghprqvwudwhg wkdw lq vwdwlrqdu| vwdwh kxpdq fdslwdo lv d olqhdu

ixqfwlrq ri ydulrxv vruwv ri oderu lqfrph/ lqkhulwdqfh dqg oxps0vxp wudqvihuv iurp

wkh jryhuqphqw1 Ilqdoo| wkh zhdowk dffxpxodwlrq htxdwlrqv duh djjuhjdwhg/ dqg lw lv

vkrzq wkdw lq vwdwlrqdu| vwdwh djjuhjdwh frqvxpswlrq qhw ri glvxwlolw| ri zrun kdv
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wr eh htxdo wr djjuhjdwh diwhu0wd{ lqwhuhvw lqfrph soxv qrq0lqwhuhvw lqfrph qhw ri

lqkhulwdqfh/ vxfk wkdw wkhuh duh qr qhw vdylqjv1

Iru jlyhq grphvwlf sulfh wkh vxsso|0vlgh ri wkh hfrqrp| fdq eh vroyhg dv vkrzq deryh1

Wdnlqj wkh vxsso| ghwhuplqhg yduldeohv dv jlyhq dqg dgglqj wkh wd{ htxdwlrqv/ wkh

6 qhz djjuhjdwhg htxdwlrqv fdq eh xvhg wr fdofxodwh djjuhjdwh frqvxpswlrq/ zhdowk

dqg kxpdq fdslwdo iru jlyhq grphvwlf sulfh vxfk wkdw djjuhjdwhg ghpdqg iru wkh

grphvwlf jrrg fdq eh fdofxodwhg1 Lq wklv zd| zh kdyh hvwdeolvkhg d ixqfwlrqdo uh0

odwlrqvkls ehwzhhq wkh grphvwlf sulfh dqg wkh djjuhjdwhg ghpdqg iru wkh grphvwlf

jrrg1 Wklv lv zkdw zh fdoo wkh djjuhjdwhg ghpdqg fxuyh1

91514 Wkh djjuhjdwh frqvxpswlrq ixqfwlrq

Lq wklv vhfwlrq zh ghprqvwudwh wkh nh| uhvxow lq wklv fkdswhu wkdw doo wkrxjk frq0

vxpswlrq fdq qrw eh djjuhjdwhg rxwvlgh vwdwlrqdu| vwdwh/ wklv lv lq idfw wkh fdvh lq

vwdwlrqdu| vwdwh1 Lq vwdwlrqdu| vwdwh frqvxpswlrq qhw ri glvxwlolw| ri zrun fdq eh

djjuhjdwhg wr d vwdqgdug olqhdu frqvxpswlrq ixqfwlrq d od Eodqfkdug1 Wkh djjuhjd0

wlrq surfhgxuh lqyroyhv 6 vwhsv1 Iluvw lw lv suryhq xvlqj wkh Nh|qhv0Udpvh| uxoh wkdw

lq vwdwlrqdu| vwdwh wkh frqvxpswlrq qhw ri glvxwlolw| ri zrun iru hdfk jhqhudwlrq lv

sursruwlrqdo zlwk djjuhjdwh frqvxpswlrq1 Wklv surshuw| doorzv xv wr vsolw djjuhjdwh

frqvxpswlrq lqwr wkh frqvxpswlrqv ri wkh jhqhudwlrqv1 Vhfrqgo|/ zh xvh wkdw iru hdfk

jhqhudwlrq wkhuh lv d vlpsoh olqhdu vwdwlrqdu| vwdwh0uhodwlrqvkls ehwzhhq frqvxpswlrq

dqg zhdowk1 Zh wkhuhiruh kdv d olqhdu uhodwlrqvkls ehwzhhq djjuhjdwh frqvxpswlrq

dqg wkh zhdowk ri hdfk jhqhudwlrq1 Ilqdoo| zh djjuhjdwh wr jhw wkh olqhdu uhodwlrqvkls

ehwzhhq djjuhjdwh frqvxpswlrq dqg djjuhjdwh zhdowk1

Wr ghgxfh wkh djjuhjdwh ehkdylru ri wkh krxvhkrogv zh vwduw iurp wkh lqglylgxdov

rswlpdo fkrlfhv1 Xvlqj wkh Nh|qhv0Udpvh| uxoh/ +716:, s1 :3/ zh fdq suryh wkdw lq

vwdwlrqdu| vwdwh
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q lv h{rjhqrxv ehfdxvh lw frqvlvwv rqo| ri h{rjhqrxv yduldeohv1 E| pdqlsxodwlqj wkh

h{suhvvlrq ri � lq +9168, zh jhw d pdfur frqvxpswlrq ixqfwlrq qhw ri glvxwlolw| iurp

zrun
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91515 Djjuhjdwh kxpdq fdslwdo

Zh vwloo qhhg wr ghwhuplqh wkh ydoxhv ri djjuhjdwh kxpdq fdslwdo/ M1 M lv gh�qhg dv
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Lq vwdwlrqdu| vwdwh/ wkh lqfrph shu dgxow lq wkh krxvhkrog ri djh K fdq iurp +716, s1
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Htxdwlrq +9179, jlyhv wkh vwrfn yduldeoh/ M +djjuhjdwh kxpdq fdslwdo,/ lq whupv ri

ydulrxv  rz yduldeohv1 Wkh wudqvodwlrq iurp  rz wr vwrfn lv jlyhq e| s
�

/ s
2

/ s
�

/ dqg

s
e

zklfk duh glvfrxqwlqj idfwruv ghshqghqw rq wkh lqwhuhvw udwh dqg wkh vwuxfwxuh ri

srsxodwlrq1 M lv jlyhq e| wkh vxp ri 7 whupv1 Wkh �uvw whup lv sursruwlrqdo zlwk

oderu lqfrph dqg xqhpsor|phqw ehqh�wv qhw ri glvxwlolw| ri zrun1 Wkh vhfrqg whup

lv sursruwlrqdo zlwk shqvlrqv1 Wkh wklug whup lv sursruwlrqdo zlwk wkh ydoxh ri wrwdo

frqvxpswlrq qhw ri glvxwlolw| ri zrun1 Wklv whup phdvxuhv wkh lpsolfdwlrq ri lqkhul0

wdqfh1 Wkh irxuwk whup lv sursruwlrqdo zlwk ydulrxv vruwv ri wudqvihuv iurp wkh sxeolf

vhfwru

91516 Djjuhjdwh vdylqjv

Zkdw uhpdlqv wr kdyh d ixoo fkdudfwhul}dwlrq ri wkh krxvhkrogv djjuhjdwh ehkdylru/

lv wr djjuhjdwh htxdwlrq +7145, s1 98/ zklfk gh�qhv wkh dffxpxodwlrq ri zhdowk1 Lq

vwdwlrqdu| vwdwh
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vdylqjv1 +919:, dqg +919;, gh�qhv lqgh{dwlrq ri shqvlrqv dqg xqhpsor|phqw ehqh�wv1

+919<, dqg +91:3, wudqvodwhv djjuhjdwh frqvxpswlrq lqwr frqvxpswlrq ri grphvwlf dqg

iruhljq jrrgv1 +91:4, gh�qhv wkh sulfh lqgh{/ � / dqg +91:5, gh�qhv frqvxpswlrq qhw

ri glvxwlolw| ri zrun1
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Iru jlyhq grphvwlf sulfh zh kdyh 46 yduldeohv +'/ �/ M/ � / �+/ �+.�?�/ � / |@%/ s� / K/

�_c �s c �, dqg 46 htxdwlrqv1 Iru wkh fxuuhqw fdoleudwlrq rqh fdq yhuli| qxphulfdoo|

wkdw wkh v|vwhp kdv d xqltxh vroxwlrq iru dq| srvlwlyh ydoxh ri wkh grphvwlf sulfh R1

Ohw �_ER� ghqrwh wkh vroxwlrq ydoxh ri sulydwh frqvxpswlrq ri wkh grphvwlf jrrg �_

iru jlyhq grphvwlf sulfh1 Zh fdq qrz gh�qh wkh djjuhjdwh ghpdqg

t ( ER� � �_ ER� n Bg ER� n 	}
Rt 7 ER��� ER�

R
nf ER� n

8�

R
c +91:6,

zkhuh g ER�/ t 7 ER� dqg � ER� duh jlyhq iurp wkh vxsso|0vlgh ++9158,/ +9157, dqg

+9159,,/ 8� lv h{rjhqrxv dqg h{sruwv f ER� lv jlyhq e|

f ER� ' �R3" +91:7,

Vroylqj wkh ghpdqg v|vwhp iru ydulrxv ydoxhv ri R/ dqg jlyhq wkh vxsso|0vlgh ri wkh

hfrqrp|/ uhvxowv lq �jxuh 48
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Iljxuh 48 Djj1 ghpdqg frpsrqhqwv

Iru wkh fxuuhqw fdoleudwlrq/ wkh djjuhjdwh ghpdqg fxuyh lv �uvw ghfuhdvlqj dqg wkhq

lqfuhdvlqj1 Wkh uhdvrq iru wklv lv wkh lqwhudfwlrq ehwzhhq wkh frpsrqhqwv ri djjuh0

jdwh vxsso|1 Iru orz grphvwlf sulfh wkh h{sruw lv uhodwlyho| kljk zkloh wkh uhvw ri wkh

frpsrqhqwv lv uhodwlyho| orz1 Iru kljk grphvwlf sulfh wkh vlwxdwlrq lv wkh rssrvlwh=

wkh h{sruw lv orz dqg wkh uhvw ri wkh frpsrqhqwv duh uhodwlyho| kljk1 Wkh idfw wkdw

sxeolf frqvxpswlrq dqg lqyhvwphqw lv lqfuhdvlqj lq wkh grphvwlf sulfh lv h{sodlqhg

iurp wkh vxsso|0vlgh1 D kljk sulfh lpsolhv d kljk ohyho ri dfwlylw| dqg wkhuhiruh kljk



437 VWDWLRQDU\ VWDWH

lqyhvwphqwv1 Wkh vdph h{sodqdwlrq fdq eh jlyhq frqfhuqlqj sxeolf frqvxpswlrq/ dv

wklv lv gh�qhg e| 	}
�
t 7 ��*R

�
n8�*R1 Djjuhjdwh sulydwh frqvxpswlrq lv lqfuhdvlqj

lq R ehfdxvh erwk uhdo zhdowk �*� dqg uhdo djjuhjdwh kxpdq fdslwdo M*� lv lqfuhdv0

lqj lq R1

91518 Vwdwlrqdu| vwdwh htxloleulxp

Zh fdq qrz ghprqvwudwh wkh xqltxhqhvv ri wkh vwdwlrqdu| vwdwh iru wkh fxuuhqw fdol0

eudwlrq1 Wkh htxloleulxp lv vkrzq lq �jxuh 49
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Iljxuh 49 Djjuhjdwh vxsso| dqg ghpdqg

Zkloh wkh vxsso| fxuyh orrnv yhu| idploldu/ wkh ghpdqg fxuyh lv pruh lqwhuhvwlqj zlwk

lwv �iruzdug0ehqglqj� fkdudfwhu1 Dv h{sodlqhg lq wkh odvw vhfwlrq/ wkh irup lv gxh wr

wkh lqwhudfwlrq ri h{sruwv dqg wkh rwkhu frpsrqhqwv ri �qdo ghpdqg1 Revhuyh wkdw

wkh ghpdqg fxuyh lv doprvw krul}rqwdo forvh wr htxloleulxp1 Wkh htxloleulxp sulfh lv

yhu| forvh wr wkh sulfh wkdw plqlpl}h ghpdqg1

916 Olih f|foh ehkdylru lq vwdwlrqdu| vwdwh

Lq wklv vhfwlrq zh ghvfuleh wkh frqvxpswlrq dqg vdylqj ehkdylru ri d krxvhkrog ryhu

lwv hqwluh olihwlph lq d vwdwlrqdu| vwdwh1 Wkh dqdo|vlv lv edvhg rq wkh qxphulf vlpxod0

wlrqv1
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91614 Krxvhkrog vl}h

Ehiruh zh wxuq wr wkh hfrqrplf ehkdylru ri wkh krxvhkrogv lw lv khosixo wr ehdu lq

plqg wkh sdwwhuq ri wkh krxvhkrog vl}h lq wkh sodqqlqj shulrg +dv suhvhqwhg lq fkdswhu
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Iljxuh 4: Krxvhkrog vl}h

Lq �jxuh 4: wkh wrwdo qxpehu ri dgxow0htxlydohqwv lq wkh krxvhkrog lv vkrzq1 Ixuwkhu0

pruh lw lv vsolw lqwr lwv wkuhh frpsrqhqwv 0 qdpho|= fkloguhq/ zrunhuv dqg shqvlrqhuv1

Dv ghvfulehg hduolhu wkh qxpehu ri prwkhuv jlylqj eluwk lv pd{lpl}hg dw wkh djh

ri 5;05< dqg wkh glvwulexwlrq lv doprvw v|pphwulf durxqg wklv srlqw +fi1 �jxuh 8 dw

sdjh 79,1 Qhyhuwkhohvv zh revhuyh wkdw wkh qxpehu ri fkloguhq lq wkh krxvhkrog �uvw

uhdfkhv lwv wrs ohyho zkhq wkh prwkhuv duh lq wkhlu odwh0wkluwlhv1 Wklv lv gxh wr wkh

idfw wkdw pdq| zrphq kdyh pruh wkdq rqh fklog1 Odwhu rq dv wkh fkloguhq uhdfk wkh

djh ri 4; wkh| ohdyh krph dqg wkh qxpehu ri fkloguhq vwduw wr ghfolqh dv zh vhh iru

wkh djh jurxs ri 7607: |hduv dqg ixuwkhu rq1 Dw wkh djh ri 8;095 |hduv sudfwlfdoo| doo

fkloguhq kdyh ohiw wkh krxvhkrog vlqfh rqo| d yhu| vpdoo sduw ri wkh zrphq lv deryh

73 |hduv ru deryh zkhq jlylqj eluwk1

Wkh qxpehu ri zrunhuv rq wkh rwkhu kdqg lv idluo| frqvwdqw iru wkh �uvw 68 |hduv/

wkhq vwduwv wr ghfuhdvh/ dqg dw wkh djh ri 9609: lv yhu| forvh wr }hur1 Dw wklv wlph doo

wkh zrphq lq wkh krxvhkrog kdyh uhwluhg iurp wkh oderu pdunhw/ exw vlqfh wkh| duh

pduulhg wr d glvwulexwlrq ri phq 0 zkr rq dyhudjh duh wkuhh |hduv roghu wkrxjk 0 d
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vpdoo sduw ri wkhvh phq zloo eh ehorz wkh shqvlrq djh ri 94 |hduv +dqg wkhuhe| vwloo

zrunlqj,1 Iru wkh iroorzlqj 80|hdu jurxsv lw ehfrphv pruh dqg pruh xqolnho| iru d

zrpdq wr eh pduulhg wr d zrunlqj pdq dqg wkh qxpehu ri zrunhuv lq wkh krxvhkrog

wkhq dssur{lpdwhv }hur1

Wkh sdwwhuq iru wkh shqvlrqhuv lv mxvw wkh rssrvlwh rqh1 Krzhyhu zh revhuyh wkdw

shqvlrqhuv ehjlq wr eh suhvhqw lq wkh krxvhkrog douhdg| dw wkh djh ri 7;085/ dqg wkhq

wkh qxpehu ulvhv dv wkh zrunhuv vwduw wr uhwluh1 Wklv jrhv rq xs wr wkh djh ri 9609:

zkhuh wkh lqwdnh iurp wklv vrxufh fhdvhv1 Wkhq d judgxdo ghfolqh wdnhv ryhu 0 vlpso|

dv d uhvxow ri ehuhdyhphqw1

Wkh fkdudfwhulvwlfv suhvhqwhg deryh duh yhu| lpsruwdqw lq wkh xqghuvwdqglqj ri wkh

krxvhkrog ehkdylru/ dqg zloo eh uhihuuhg wr iurp wlph wr wlph lq wkh iroorzlqj1

91615 Wrwdo krxvhkrog lqfrph dqg lwv frpsrvlwlrq

Dovr d ghvfulswlrq ri wkh lqfrph dqg lwv frpsrvlwlrq/ zklfk lv forvho| uhodwhg wr

wkh ghprjudsklfv vwdwhg deryh/ lv qhhghg ehiruh wxuqlqj wr ghvfuleh wkh olih f|foh

ehkdylru1 Lq �jxuh 4; wrwdo glvsrvdeoh lqfrph ri d krxvhkrog lv vsolw lqwr fdslwdo

+lqwhuhvw, lqfrph dqg qrq0lqwhuhvw lqfrph
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Iljxuh 4; Wrwdo krxvhkrog lqfrph

Urxjko| vshdnlqj wkh wrwdo glvsrvdeoh lqfrph kdv lqfuhdvhg olqhduo| iru wkh �uvw :
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shulrgv/ l1h1 iurp wkh djh ri 4; wr wkh djh ri 85/ dqg lv wkxv dowrjhwkhu ulvhq pruh

wkdq 63 shufhqw1 Wkh pdlq frqwulexwru wr wklv sdwwhuq dulvhv iurp dq lqfuhdvh lq wkh

lqwhuhvw lqfrph dv vdylqjv duh ehlqj dffxpxodwhg +wklv slfwxuh lv frq�uphg odwhu rq,1

Dovr wkh qrq0lqwhuhvw lqfrph dv d zkroh lv jurzlqj gxulqj wkh �uvw shulrgv wkrxjk1

Wklv lv gxh wr d ulvh lq wkh dprxqw ri lqkhulwdqfh/ dv zloo eh ghvfulehg pruh wkrurxjko|

odwhu1

Wkh wrwdo krxvhkrog lqfrph qhw ri wd{hv lv dw lwv pd{lpxp dw wkh djh ri 7;0851 Lq

wkh qh{w 58 |hduv wkh lqfrph idoov gudpdwlfdoo| wr rqh wklug ri wkh wrs ohyho1 Wklv lv

fdxvhg e| dq doprvw lghqwlfdo uhgxfwlrq lq wkh qrq0lqwhuhvw lqfrph zklfk dffrxqwv

iru prvw ri wkh lqfrph1 Ixuwkhu wklv uhgxfwlrq lv eurxjkw derxw iurp pdlqo| wzr

vrxufhv= �uvw d judgxdo vkliw iurp d kljk vkduh ri oderu sduwlflsdwruv wr d kljk vkduh

ri shqvlrqhuv +zkr hduqv ohvv, lq wkh krxvhkrog dqg vhfrqgo| iurp d uhgxfwlrq lq wkh

qxpehu ri dgxowv/ fdxvhg e| ghdwk1

Wkh uhodwlyh frpsrvlwlrq ri wkh wrwdo lqfrph lv vkrzq lq �jxuh 4<
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Iljxuh 4< Uhodwlyh frpsrvlwlrq ri wrwdo krxvhkrog lqfrph

Gxulqj wkh �uvw 48 |hduv ri wkh krxvhkrog*v h{lvwhqfh pruh wkdq <3 shufhqw ri wkh

wrwdo lqfrph lv qrq0lqwhuhvw lqfrph1 Dv wkh vwrfn ri zhdowk judgxdoo| ulvh +gxh wr

shuvlvwhqw qhw vdylqjv, dqg wkhuhe| dovr wkh lqwhuhvw |lhogv jurz/ wkh vkduh ri lqfrph

wkdw vwhpv iurp lqwhuhvwv ehfrphv odujhu dqg odujhu1 Diwhu 68 |hduv wkh vkduh lv forvh

wr 53 shufhqw dqg wkhq dv qrq0lqwhuhvw lqfrph vxevhtxhqwo| frpphqfhv wkh vwhhs idoo/
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wkh lqwhuhvw*v vkduh ri lqfrph lqfuhdvhv udslgo| xqwlo d ohyho ri 65 shufhqw lv uhdfkhg

dw wkh djh ri 9609:1

Gxulqj wkh odvw 43 |hduv wkh lqwhuhvw vkduh rxw ri wrwdo lqfrph lv uhgxfhg voljkwo| wr

5< shufhqw lq vslwh ri wkh frqwlqxhg gurs lq qrq0lqwhuhvw lqfrph1 Wkh uhdvrq lv wkdw

lqwhuhvw lqfrph idoov dw dq hyhq juhdwhu sdfh ehfdxvh ri wkh skdvlqj rxw ri wkh vwrfn

ri zhdowk gxulqj wkh rog djh1
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Iljxuh 53 Qrq0lqwhuhvw krxvhkrog lqfrph

Iljxuh 53 suhvhqwv d forvhu orrn dw wkh qrq0lqwhuhvw lqfrph/ zklfk lv wkh vxp ri oderu

lqfrph +lqfoxglqj xqhpsor|phqw ehqh�w,/ lqkhulwdqfh/ oxps0vxp wudqvihuv/ h{rjh0

qrxv djh vshfl�f wudqvihuv dqg sxeolf shqvlrqv41 Wkh glylvlrq lqwr wkhvh �yh fdwhjrulhv

lv zkdw zh vhh lq wkh �jxuh1 Qrwh wkdw doo wkh wd{deoh whupv lv qhw ri wd{hv1

Iluvw ri doo zh qrwlfh wkdw oderu lqfrph lv vryhuhljqo| wkh eljjhvw frqwulexwru wr qrq0

lqwhuhvw lqfrph xqwlo wkh djh ri 9609:/ zkhuh wkh qxpehu ri shqvlrqhuv ehjlqv wr

grplqdwh dqg wkh lqfrph dulvlqj iurp shqvlrqv ehfrphv wkh vlqjoh prvw lpsruwdqw

ri wkh qrq0lqwhuhvw lqfrph fdwhjrulhv1

Zh dovr qrwh wkdw wkh krxvhkrog lv douhdg| uhfhlylqj sxeolf shqvlrq dw wkh djh ri 83/

zklfk ri frxuvh lv gxh wr wkh idfw wkdw zrphq duh pduulhg wr d glvwulexwlrq ri phq/
4Vlqfh wkh oderu vxsso| ri d zrunhu lv frqvwdqw gxulqj wkh zrunlqj shulrg 0 vhh +9154, dw sdjh <7

0 dqg wkhuhe| dovr wkh ghjuhh ri xqhpsor|phqw/ wkh  xfwxdwlrqv lq wkh xqhpsor|phqw ehqh�w zloo
h{dfwo| pdwfk wkh rqhv ri wkh oderu lqfrph1 Wkhuhiruh wkhvh wzr lqfrph whupv duh srrohg lq wkh
iroorzlqj dqdo|vlv1
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dqg dw wklv vwdjh wkh gl�huhqfh lq djh lv �vpdoo� hqrxjk iru vrph ri wkh zrphq wr

eh pduulhg wr phq uhwluhg iurp wkh oderu pdunhw1 Rq wkh rwkhu kdqg wkh dprxqw ri

oderu lqfrph dw wkh djh ri 9609: lv forvh wr }hur hyhq wkrxjk wkh dyhudjh djh lv rqo| 7

|hduv deryh wkh shqvlrq djh1 Dw wklv ohyho ri frxuvh doo wkh oderu lqfrph kdv wr frph

iurp |rxqjhu phq vlqfh wkh zrphq duh doo uhwluhg/ exw ehfdxvh ri wkh sdwwhuq iru

zrphq wr pduu| phq/ zkr rq dyhudjh duh 6 |hduv roghu/ rqo| d yhu| vpdoo sduw ri wkh

zrphq lq wkh uhvshfwlyh djh jurxs lv pdwfkhg zlwk zrunlqj phq1 Wklv fruuhvsrqgv

h{dfwo| wr zkdw zh revhuyhg iurp �jxuh 4:1

Wkh vpdoo  xfwxdwlrqv lq wkh oderu lqfrph gxulqj wkh �uvw 53063 |hduv duh +dffruglqj

wr �jxuh 43 dw sdjh 85, fdxvhg e| wkh gl�huhqfh lq wkh qxpehu ri phq shu zrpdq

dvvljqhg wr wkh krxvhkrog dw gl�huhqw djh ohyhov1 Iru lqvwdqfh wkh wlq| ulvh lq oderu

lqfrph dw wkh djhv ri 5;06: lv gxh wr wkh idfw wkdw wkh krxvhkrog dfwxdoo| frqvlvwv ri

pruh +zrunlqj, shrsoh +phq, dv zh vdz lq �jxuh 4:1 Wkh idoo lq wkh sxeolf shqvlrqv

dorqj wkh odvw wzr 80|hdu shulrgv lv vroho| d uhvxow ri ghdwk dprqj wkh phpehuv ri

wkh krxvhkrog1

Dqrwkhu srlqw ri wkh �jxuh lv wkh ehoo0vkdsh ri wkh lqkhulwdqfh wkdw uhdfkhv lwv pd{0

lpxp dw wkh djh ri 7;0851 Wklv lv yhu| uhdvrqdeoh vlqfh wkh prvw iuhtxhqw djhv iru

d prwkhu wr jlyh eluwk duh 5; dqg 5< |hduv +dffruglqj wr �jxuh 8 dw sdjh 79,1 Wklv

djdlq phdqv wkdw khu fkloguhq zloo eh 7<083 |hduv rog zkhq vkh ehfrphv :; |hduv

rog dqg wkh ehtxhvw lv ehlqj sdlg rxw1 Ixuwkhupruh wkh glvwulexwlrq ri prwkhuv* djh

zkhq jlylqj eluwk kdv d vlplodu ehoo0vkdsh/ zklfk reylrxvo| lv zkdw lv uh hfwhg lq wkh

sdwwhuq ri wkh lqkhulwdqfh1 Krzhyhu qrwh krz wkh dyhudjh gl�huhqfh lq djh ri derxw

6 |hduv iru d frxsoh vkrzv dv d olwwoh ohiw vnhzqhvv lq wkh fxuyh iru lqkhulwdqfh1 Zkhq

wkh phq uhdfk wkh prvw iuhtxhqw djh ri uhfhlylqj lqkhulwdqfh/ qdpho| 7<083 |hduv dv

h{sodlqhg deryh/ wkh| zloo rq dyhudjh eh pduulhg wr zrphq dw wkh djh ri 7907: |hduv

dqg wklv jlyhv ulvh wr wkh prghudwho| gl�huhqw vkdsh ri wkh fxuyh1

Wkh odvw wzr frpsrqhqwv ri wkh qrq0lqwhuhvw lqfrph duh wudqvihuv1 Iluvw/ orrn dw wkh

oxps0vxp wudqvihuv/ zklfk duh voljkwo| ghfuhdvlqj lq devroxwh ydoxh1 Wklv lv vlpso|

ehfdxvh ri wkh uhgxfwlrq lq wkh krxvhkrog vl}h vlqfh wkh oxps0vxp wudqvihu shu dgxow lv

qrw djh ghshqghqw dqg uhpdlqv frqvwdqw lq vwdwlrqdu| vwdwh1 Wkhuhiruh wkh uhgxfwlrq

vshhgv xs lq wkh odvw shulrgv/ zkhuh ghdwk lqwhqvlw| lqfuhdvhv1 Vhfrqg/ frqvlghu djh

vshfl�f wudqvihuv1 Frqwudu| wr oderu lqfrph/ oxps vxp wudqvihuv dqg sxeolf shqvlrqv/

wkhvh ghyhorsv srvlwlyho| lq wkh �uvw 5 shulrgv dqg duh hyhq grxeohg gxulqj wklv

wlph1 Wkh ulvh lv ri frxuvh uhodwhg wr ixuwkhu hgxfdwlrqv dqg h{shqvhv dvvrfldwhg zlwk
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qhzeruqv/ vxfk dv wkh frvwv ri pdwhuqlw| ohdyh/ gd| fduh hwf1 Vxevhtxhqwo| wkh djh

vshfl�f wudqvihuv judgxdoo| idoo wr d yhu| orz ohyho dw wkh uhwluhphqw djh1 Qrwh wkdw

wkhvh wudqvihuv duh h{rjhqrxv dqg uho| rq wkh gdwd iurp wkh mrlqw zrun ri wkh Gdqlvk

Plqlvwu| ri Ilqdqfh dqg HSUX 0 vhh Mdfrevhq hw do1 +4<<:,1

Lq wkh qh{w judsk wkh shufhqwdjh wkdw hdfk ri wkh qrq0lqwhuhvw lqfrph whupv frq0

wulexwhv wr wkh wrwdo qrq0lqwhuhvw lqfrph lv vkrzq/ vr wkdw wkh �yh whupv vxp xs wr

433 shufhqw1
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Iljxuh 54 Uhodwlyh frpsrvlwlrq ri qrq0lqwhuhvw lqfrph

Djdlq zh vhh wkdw oderu lqfrph lv wkh pdlq lqfrph vrxufh gxulqj prvw ri wkh krxvh0

krog*v wlph krul}rq dqg xqwlo wkh djh ri 8608: dffrxqwv iru ehwzhhq :3 dqg ;< shufhqw

ri wkh qrq0lqwhuhvw lqfrph dorqh1 Shukdsv d elw vxusulvlqj/ wkh oderu lqfrph vwloo df0

frxqwv iru 86 shufhqw dw wkh djh ri 8;095 frpsduhg wr d vkduh ri 64 shufhqw dulvlqj

iurp sxeolf shqvlrqv/ lq vslwh ri wkh idfw wkdw wkh krxvhkrog dw wklv vwdjh wr d odujhu

h{whqw frqvlvwv ri shqvlrqhuv wkdq ri zrunhuv +uhphpehu wkdw hyhq wkrxjk forvh wr

93 shufhqw ri wkh zrphq lq wklv fdwhjru| zloo eh zrunhuv/ rqo| derxw 68 shufhqw ri

wkh phq duh zrunlqj vlqfh wkh| rq dyhudjh duh 6 |hduv roghu wkdq wkhlu sduwqhu,1 Wkh

h{sodqdwlrq lv vlpso| wkdw wkh sxeolf shqvlrq qhw ri wd{hv +shu shqvlrqhu, lv rqo|

8< shufhqw ri wkh glvsrvdeoh zdjh dqg wkhuhe| dovr vljql�fdqwo| orzhu wkdq wkh xq0

hpsor|phqw ehqh�w/ zklfk qhw ri wd{hv fruuhvsrqgv wr :: shufhqw ri wkh glvsrvdeoh

zdjh1
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Lq shulrg < dqg 43 +djhv ehwzhhq 8; dqg 9:, wkh oderu lqfrph vkduh idoov gudvwlfdoo|

zkloh wkh rssrvlwh slfwxuh krogv iru wkh sxeolf shqvlrqv1 Wkxv/ wkh odvw 48 |hduv ri wkh

krxvhkrog*v h{lvwhqfh/ shqvlrqv frqwulexwh e| forvh wr ;3 shufhqw ri wkh qrq0lqwhuhvw

lqfrph1

Qrz wxuqlqj wr oxps vxp wudqvihuv/ zh vhh wkdw wkh vkduh ri qrq0lqwhuhvw lqfrph 0

dulvlqj iurp wkhvh 0 lv frqvwdqwo| durxqg :0; shufhqw iru wkh �uvw 73 |hduv1 Wkhq d

vwurqj lqfuhdvh vhwv lq/ dqg dw wkh djh ri 9609: oxps vxp wudqvihuv duh grxeohg lq

uhodwlyh vl}h1 Wklv lv qrw d wrnhq iru d ulvh lq wkh dprxqw ri oxps0vxp wudqvihuv +wkh|

duh dfwxdoo| idoolqj dv phqwlrqhg hduolhu,/ exw mxvw d uhvxow ri wkh kxjh gurs lq qrq0

lqwhuhvw lqfrph lq wklv djh lqwhuydo1 Wkh qhz ohyho ri 47 shufhqw uhpdlqv xqfkdqjhg

iru wkh odvw wkuhh shulrgv1

Wkh djh vshfl�f wudqvihuv duh dw wkhlu pd{lpxp ohyho dw djhv ehwzhhq 56 dqg 75 dqg

duh lq wklv shulrg uhvsrqvleoh iru 8 wr : shufhqw ri wkh qrq0lqwhuhvw lqfrph1 Wkhq lw

gursv judgxdoo| wr d ohyho ri rqo| 5 shufhqw zkhq wkh krxvhkrog lv lq lw*v �iwlhv1 Lq

wkh hqg wkhuh lv d qhz lqfuhdvh krzhyhu/ dqg wkh wudqvihuv*v vkduh uhdfk 9 shufhqw lq

wkh odvw shulrg 0 djdlq wkh ulvh lv gxh wr wkh jhqhudo idoo lq qrq0lqwhuhvw lqfrph1

Ilqdoo|/ zkhq orrnlqj dw wkh vkduh ri lqfrph wkdw vwhpv iurp lqkhulwdqfh zh vhh d

sdwwhuq vlplodu wr wkh dqdo|vlv lq devroxwh whupv1 Wkh frqwulexwlrq ri lqkhulwdqfh lv

�uvw dqg iruhprvw lpsruwdqw dw djhv ehwzhhq 6; wr 8: dqg uhdfkhv lwv wrs ohyho ri rqh

�iwk dw wkh djh 7;0851 Wklv lv d txlwh frqvlghudeoh vkduh dqg vkrzv wkh lpsruwdqfh ri

lqkhulwdqfh lq wkh lqfrph irupdwlrq1

Wklv hqgv wkh ghvfulswlrq ri wkh wrwdo krxvhkrog lqfrph dqg zh qrz wxuq wr phdvxuh

wkh gl�huhqw lqfrph whupv uhodwlyh wr wkh qxpehu ri dgxowv ehorqjlqj wr wkh krxvhkrog1

91616 Lqfrph shu dgxow

Lq wklv vxevhfwlrq zh holplqdwh wkh h�hfw rq lqfrph rzlqj wr ehuhdyhphqw e| orrnlqj

gluhfwo| rq lqfrph shu dgxow1 Wklv lv slfwxuhg lq �jxuh 55

Iluvw ri doo zh vhh d sdwwhuq yhu| vlplodu wr wkh fruuhvsrqglqj �jxuh iru wkh krxvhkrog

dv d zkroh +�jxuh 4;,1 Wkh eljjhvw gl�huhqfh lv lq wkh +uhodwlyh, vl}h ri wkh  xfwxdwlrqv/

zklfk khuh duh vrphzkdw eljjhu lq wkh ulvlqj skdvh wloo wkh djh ri 7;085/ dqg pxfk

vpdoohu khqfhiruwk/ zkhuh wkh lqfrph lv uhgxfhg1 Wkh idoo lq wkh wrwdo lqfrph lv wkxv

rqo| 73 shufhqw khuh/ frpsduhg wr wkh gurs ri wzr wklugv/ zkhq wkh wrwdo krxvhkrog
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Iljxuh 55 Wrwdo lqfrph shu dgxow

lqfrph zdv frqvlghuhg1

Zh dovr qrwh wkdw wkh qrq0lqwhuhvw lqfrph lv dw wkh vdph ohyho iru wkh odvw wkuhh 80

|hdu shulrgv frqwudu| wr wkh frqwlqxhg ghfuhdvh dw wkh krxvhkrog ohyho dw wklv vwdjh1

Ilqdoo| wkh lqwhuhvw lqfrph grhvq*w idoo dw wkh djh ri 9609:/ hyhq wkrxjk vdylqjv duh

qhjdwlyh lq wkh suhfhglqj 80|hdu shulrg +dv zh vkdoo vhh odwhu rq,1 Wklv lv r� frxuvh

ehfdxvh wkh vpdoohu dvvhw kroglqjv duh vsuhdg rxw rq d orzhu qxpehu ri dgxowv vxfk

wkdw dvvhwv shu dgxow dqg wkhuhe| lqwhuhvwv shu dgxow duh xqfkdqjhg1

Wr jhw d pruh qxdqfhg slfwxuh ri wkh lqfrph irupdwlrq/ wkh qrq0lqwhuhvw lqfrph lv

vsolw xs lqwr lwv pdlq frpsrqhqwv dv lw zdv grqh hduolhu wrr

Iljxuh 56 vkrzv wkdw oderu lqfrph shu dgxow lv frqvwdqw iru wkh �uvw 63 |hduv1 Wkh

uhdvrq lv vlpso| wkdw doo zrunhuv duh sdlg wkh vdph 0 vlqfh wkhuh lv qr vhqlrulw| ihh dqg

doo vxsso| wkh vdph dprxqw ri zrun 0 dqg wkh vkduh ri phq zkr duh shqvlrqhuv xs wloo

wklv srlqw lv dssur{lpdwho| }hur +dovr uhphpehu wkdw doo wkh zrphq duh zrunlqj,1 Wkh

iroorzlqj |hduv oderu lqfrph vwduwv wr ghfuhdvh1 Vorzo| dw �uvw dqg wkhq yhu| txlfno|

dv d odujhu dqg odujhu sduw ri wkh dgxowv ehfrphv shqvlrqhuv1 Wklv rq wkh rwkhu kdqg

jlyhv ulvh wr wkh revhuyhg lqfuhdvh lq wkh dyhudjh shqvlrq lqfrph shu dgxow1 Khuh

zh vhh d vwdelol}dwlrq iru wkh odvw 48 |hduv/ zkhuh wkh vkduh ri zrunhuv lv wkh rqh wr

dssur{lpdwh }hur1 Dovr qrwh/ wkdw wkh ohyho iru wkh shqvlrq lv pxfk orzhu wkdq iru

wkh oderu lqfrph dv ghvfulehg hduolhu1 Dfwxdoo| lw frqvwlwxwhv rqo| 88 shufhqw ri wkh
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Iljxuh 56 Qrq0lqwhuhvw lqfrph shu dgxow

dprxqw ri oderu lqfrph +lqfoxglqj xqhpsor|phqw ehqh�w,1

Wkh oxps0vxp wudqvihuv duh frqvwdqw iru wkh zkroh olih f|foh vlqfh wkh| duh lpsrvhg

gluhfwo| rq hdfk dgxow dqg gr qrw gl�hu dprqj lqglylgxdov1 Erwk wkh sdwwhuqv iru

wudqvihuv dqg lqkhulwdqfh uhvshfwlyho| iroorz wkh slfwxuh gudzq hduolhu/ dqg zloo qrw

eh vwdwhg djdlq1

91617 Krxvhkrog frqvxpswlrq dqg vdylqj

Zh qrz orrn gluhfwo| rq wkh olih f|foh ehkdylru iru wkh krxvhkrog dv looxvwudwhg e|

�jxuh 57

Wkh lqfrph fxuyh lv douhdg| h{sodlqhg dqg wkhuhiruh zh jr rq wr ghvfuleh wkh krxvh0

krog frqvxpswlrq1 Iru wkh �uvw 53 |hduv frqvxpswlrq lqfuhdvhv vwhdglo| +dorqj zlwk

wkh krxvhkrog vl}h, dqg grxeohv lq ydoxh gxulqj wklv shulrg1 Lq wkh qh{w shulrg/ frq0

vxpswlrq pdqdjhv wr nhhs lwv ohyho lq vslwh ri wkh frqvlghudeoh gurs lq wkh krxvhkrog

vl}h1 Wkh uhvw ri wkh sodqqlqj krul}rq lv fkdudfwhul}hg e| d prghudwh dqg doprvw olq0

hdu uhgxfwlrq lq frqvxpswlrq h{fhsw iru wkh odvw shulrg / zkhuh wkh sduwlfxoduo| elj

gurs lq krxvhkrog vl}h wdnhv sodfh1

Qrwh wkdw vdylqjv/ e| gh�qlwlrq/ duh ghwhuplqhg dv wkh gl�huhqfh ehwzhhq lqfrph

dqg frqvxpswlrq1 Wkh vdylqjv duh dffxpxodwhg dqg duh wkh fdxvh iru wkh frqvwdqwo|
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Iljxuh 57 Olih f|foh krxvhkrog ehkdylru +wrwdo,

jurzlqj dprxqw ri dvvhw kroglqjv xs wloo wkh djh ri 8608:1 Dw wklv srlqw wkh| kdyh

uhdfkhg d ohyho ri 90: wlphv wkh pd{lpxp |hduo| lqfrph ohyho/ exw wkhq d gudvwlf idoo

iroorzv1

Wkh idoo rffxuv ehfdxvh frqvxpswlrq vwduwv wr h{fhhg wkh lqfrph dqg kdv wr eh

�qdqfhg e| d fxw lq wkh dvvhw kroglqjv/ zklfk dovr dsshduv lq wkh �jxuh dv wkh qhjdwlyh

vdylqjv lq wkhvh shulrgv1 Dw wkh hqg ri wkh odvw shulrg wkh dvvhw kroglqjv duh uhgxfhg

e| wzr wklugv lq frpsdulvrq wr lwv pd{lpxp ohyho1 Wkh uhpdlqlqj dvvhwv dw wkh djh

ri :: lv wkh dprxqw ri ehtxhvw doorfdwhg wr wkh khluv ri wkh krxvhkrog1

Zkhq wdnlqj d forvhu orrn dw wkh vdylqjv sur�oh zh revhuyh wkdw wkh krxvhkrog vdyhv

d orw gxulqj wkh �uvw wzr shulrgv +durxqg 73 shufhqw ri wkhlu lqfrph,/ dqg wkhq ryhu

wkh qh{w 48 |hduv vdylqjv gursv wr rqo| 9 shufhqw ri wkh lqfrph +ru 4; shufhqw ri

wkh lqlwldo vdylqjv,1 Wklv lv ri frxuvh dvvrfldwhg zlwk wkh frvwv ri fklog uhdulqj1 Dw

�uvw wkh krxvhkrog lv vdylqj wr phhw wkh iruhvhhq h{wud frvwv ri kdylqj fkloguhq dqg

zkhq wkh qxpehu ri fkloguhq odwhu rq duh dw lwv khljkw vdylqjv duh uhgxfhg/ exw hyhq

gxulqj wklv shulrg/ qhw vdylqjv duh vwloo srvlwlyh1 Wklv krzhyhu/ lv gxh wr wkh elj lqwhu0

hvw lqfrph vwhpplqj iurp wkh dffxppxodwhg dvvhwv kroglqjv/ vlqfh wkh qrq0lqwhuhvw

lqfrph dorqh dw wklv srlqw lv qrw hqrxjk wr �qdqfh wkh frqvxpswlrq1 Dv wkh qxpehu

ri fkloguhq ehjlq wr idoo vdylqjv duh lqfuhdvlqj djdlq iru d zkloh/ dqg dfwxdoo| ulvh 43

shufhqwdjh0srlqwv xs wloo wkh djh ri 7;0851
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91618 Frqvxpswlrq dqg vdylqj shu dgxow0htxlydohqw

Vlqfh wkh krxvhkrog vhhnv wr pd{lpl}h frqvxpswlrq shu dgxow0htxlydohqw lw lv qdwxudo

wr orrn dw wkh olih f|foh ehkdylru lq whupv ri shu dgxow0htxlydohqw dv looxvwudwhg lq

�jxuh 58
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Iljxuh 58 Olih f|foh ehkdylru +shu dgxow0htxlydohqw,

Wkh lqfrph fxuyh kdv wzr wrsv qrz 0 lq wkh �uvw wzr shulrgv dqg lq shulrg : dqg

;1 Ehfdxvh rqo| dgxowv uhfhlyh lqfrph wkh fkloguhq rqo| frqwulexwhv wr uhgxfh wkh

lqfrph shu dgxow0htxlydohqw1 Wkh h�hfw iurp wklv lv ri frxuvh prvw hylghqw zkhq wkh

krxvhkrog lv lq lwv wkluwlhv +zkhuh wkh qxpehu ri fkloguhq lv kljkhvw,1 Iru wkh odvw

48053 |hduv wkh fxuyh lv sudfwlfdoo| lghqwlfdo wr wkh rqh gudzq shu dgxow +vhh �jxuh

55,/ vlqfh wkh qxpehu ri fkloguhq lq wklv hqg ri wkh vfdoh lv qhjoljleoh1

Wkh frqvxpswlrq sdwwhuq lv dovr txlwh gl�huhqw iurp wkh sdwwhuq iru wkh krxvhkrog

dv d zkroh1 Frqvxpswlrq shu dgxow0htxlydohqw iroorzv dq dssur{lpdwho| frqvwdqw

jurzwk udwh doo wkh zd| wkurxjk dqg dw wkh hqg uhdfkhv d ohyho 51; wlphv wkh lqlwldo

ohyho +mxvw deryh 533/333 Gnu1,1 Wklv lv wkh Nh|qhv Udpvh| uxoh lq h�hfw +fi1 htxdwlrq

+716:, dw sdjh :3 0 lq d vwdwlrqdu| vwdwh yhuvlrq,1 Lw vd|v lq wkh vwdwlrqdu| vwdwh wkdw

frqvxpswlrq fruuhfwhg iru glvxwlolw| ri zrun zloo jurz dw d frqvwdqw udwh surylghg

wkdw wkh lqwhuhvw udwh diwhu wd{ h{fhhgv wkh sxuh udwh ri wlph suhihuhqfh dqg idoo li
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wkh rssrvlwh lv wkh fdvh1 Lq wklv fdoleudwlrq wkh iruphu vlwxdwlrq lv wkh uhohydqw rqh1

Vlqfh wkh uhdo ydoxh ri wkh glvxwlolw| iurp zrun lv h{wuhpho| orz uhodwlyh wr wkdw ri

frqvxpswlrq +gxh wr d orz hodvwlflw| ri oderu vxsso| zlwk uhvshfw wr uhdo uhzdug/ �,5/

wkh jurzwk udwhv ri � dqg ' iurp jhqhudwlrq wr jhqhudwlrq lv doprvw lghqwlfdo1

Zlwk uhvshfw wr vdylqjv wkh sdwwhuq zlwk wkh wzr kxpsv 0 dv zh vdz lq �jxuh 57 lq

wkh odvw vxe vhfwlrq 0 lv vwloo suhvhqw dowkrxjk wkh uhodwlyh  xfwxdwlrq kdv lqfuhdvhg1

Wkh uhdvrqlqj ri wkh vdylqj ghflvlrq lv dv ehiruh phqwlrqhg/ wkdw wkh krxvhkrog wdnhv

lqwr dffrxqw wkh qxpehu ri fkloguhq wkh| duh jrlqj wr kdyh/ dqg vdyh d orw gxulqj wkh

�uvw |hduv wr eh deoh wr fryhu wkh iruhvhhq h{shqvhv1 Zkhq wkh fkloguhq hyhqwxdoo|

ohdyh krph/ dgglwlrqdo urrp iru vdylqjv lv pdgh/ dqg wkh vdylqjv lqfuhdvh xqwlo wkh

lqfrph ehjlqv wr gurs gudpdwlfdoo| dv wkh krxvhkrog uhwluhv iurp wkh oderu pdunhw1

Iurp djh 8;095 dqg rqzdugv vdylqjv shu dgxow0htxlydohqw kdyh ehfrph qhjdwlyh1

Zkhq frpsdulqj wkh fxuyh iru wkh dvvhw kroglqjv zlwk wkh fruuhvsrqglqj rqh iru wkh

krxvhkrog dv d zkroh zh qrwh vrph gl�huhqfhv lq wkh vkdsh1 Iluvw/ wkh pd{lpxp ohyho

lv glvorfdwhg wr wkh iroorzlqj shulrg +8;095, dqg wkh vxevhtxhqw idoo lv qrw qhduo| dv

srzhuixo dv wkh �uvw fdvh lqglfdwhv1 Wkh glvorfdwlrq rffxuv vlqfh wkh idoo lq wkh wrwdo

vdylqjv lv vxusdvvhg e| wkh uhgxfwlrq lq wkh qxpehu ri dgxow0htxlydohqwv1 Wklv pdnhv

lw srvvleoh iru wkh uhpdlqlqj lqglylgxdov wr kdyh qhjdwlyh qhw vdylqjv shu lqglylgxdo

dqg vwloo hqg xs zlwk eljjhu dvvhw kroglqjv +ehfdxvh ri wkh wdnh ryhu iurp wkh shrsoh

ohdylqj wkh krxvhkrog,1 Wkh ohvv vwhhs idoo lq wkh hqg lv yhu| pxfk rq wkh vdph

jurxqgv1 Ehfdxvh ri wkh uhgxfwlrq lq qxpehu ri dgxow0htxlydohqwv wkh wrwdo krxvhkrog

dvvhw kroglqjv duh vsuhdg rxw ryhu ihzhu lqglylgxdov dqg dvvhw kroglqjv phdvxuhg shu

dgxow0htxlydohqw zrqw kdyh wr ghfolqh dv pxfk1 Vhfrqg/ wkh fxuyh lv pxfk  dwwhu zkhq

wkh krxvhkrog lv lq lwv wkluwlhv1 Wklv lv gxh wr wkh ulvh lq wkh qxpehu ri fkloguhq1

Wklv frqfoxghv wkh ghvfulswlrq ri olih f|foh ehkdylru lq wkh vwdwlrqdu| vwdwh1

5Wkh glvxwlolw| ri zrun lv htxdo iru doo zrunhuv lq wkh vwdwlrqdu| vwdwh +vlqfh wkh| doo vxs0
so| wkh vdph dprxqw ri oderu, dqg lv 0 iurp +7155, dqg +7159, dw sdjh 9: 0 jlyhq e| i+c, @

�

�.4
�4

�
^Z�Wz+Z ,`�^e�We+e,`

�
4
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�
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1 Qrz ohwwlqj � jr wr }hur/ wkh olplw ri i+c, lv vhhq wr eh }hur

dqg wkh glvxwlolw| zloo ydqlvk iurp wkh h{suhvvlrq1 Exw hyhq iru vpdoo ydoxhv ri �/ � . 4 fdq eh

dssur{lpdwhg e| 4 dqg i+c, uhgxfhv wr �
^Z�Wz+Z ,`�^e�We+e,`

S
/ zklfk zloo eh txlwh vpdoo iru d orz

ydoxh ri � +frpsduhg wr wkh uhdo ydoxh ri frqvxpswlrq,1
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Fdoleudwlrq lv wkh surfhvv zkhuh qxphulfdo ydoxhv duh dvvljqhg wr wkh sdudphwhuv ri

wkh prgho1

Vlqjoh frxqwu| vwdwlf FJH0prghov duh fdoleudwhg wr d gdwd vhw iru d vshfl�f frxqwu|

lq d vshfl�f |hdu1 Wklv lv w|slfdoo| grqh e| frqvwuxfwlqj d Vrfldo Dffrxqwlqj Pdwul{/

zklfk pdwfkhv wkh pdunhwv dqg wkh exgjhw frqvwudlqwv ri wkh djhqwv lq wkh wkhruhwl0

fdo prgho1 Wkh zhoo0nqrzq sureohp wkdw gdwd iru lqyhvwphqwv/ vdylqjv/ dqg lqwhuhvw

sd|phqwv kdyh wr eh �wwhg lqwr d wkhruhwlfdo prgho/ zkhuh vxfk yduldeohv duh qrw

gh�qhg/ kdv wr eh ghdow zlwk e| pdqlsxodwlqj hlwkhu wkh gdwd vhw ru wkh ehkdylrudo

uhodwlrqv ri wkh prgho1 Rqh zd| ri ghdolqj zlwk wkh sureohp/ lv wr dvvxph wkdw wkh

vwdwlf htxloleulxp lv lq idfw d vwdwlrqdu| +ru d vwhdg|, vwdwh ri dq xqghuo|lqj g|qdplf

prgho14

Wkh pdmru gl�huhqfh ehwzhhq g|qdplf prghov vxfk dv wkh suhvhqw dqg vwdwlf prghov

lv wkdw lq wkh g|qdplf prgho lw lv qrw srvvleoh wr devwudfw iurp wkh dffxpxodwlrq

surfhvv ri sk|vlfdo fdslwdo dqg wkh lqwhuwhpsrudo exgjhw frqvwudlqwv ri krxvhkrogv1

Wkh dqdorj| wkdw frphv forvhvw wr fdoleudwlrq ri d vwdwlf prgho lv fdoleudwlrq ri wkh

vwdwlrqdu| vwdwh ri wkh g|qdplf prgho1 Krzhyhu/ wkh ghpdqgv iurp wkh lqfuhdvhg

frqvlvwhqf| uhtxluhphqwv ri wkh vwdwlrqdu| vwdwh ri d g|qdplf prgho ohdg wr wkh

sureohp wkdw qr edvh |hdu vdwlv�hv doo +li dq|, ri wkh irupdo frqglwlrqv iru ehlqj d

vwdwlrqdu| vwdwh1

Wkh vroxwlrq dssolhg wr wklv sureohp lv vlpsoh= Pdqlsxodwh wkh dfwxdo gdwd iru wkh

edvh |hdu +wkh edvh |hdu gdwd vhw, vr wkdw wkh uhvxow +zklfk zh qdph wkh ehqfkpdun

gdwd vhw, vdwlv�hv wkh irupdo frqglwlrqv iru d vwdwlrqdu| vwdwh dqg wkhq fdoleudwh

wkh sdudphwhuv rq wklv ehqfkpdun gdwd vhw e| wkh xvxdo surfhgxuh ri lqyhuwlqj wkh

uhohydqw prgho htxdwlrqv1 Wkh ehqfkpdun gdwd vhw pljkw khurlfdoo| eh lqwhusuhwhg dv

4Shwhuvhq +4<<:, jlyhv dq lqwurgxfwlrq wr wkh fdoleudwlrq ri vwdwlf FJH prghov1
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ghslfwlqj wkh vwdwlrqdu| vwdwh zklfk zrxog kdyh suhydlohg lq wkh edvh |hdu/ �li wkh

edvh |hdu zhuh d vwhdg| vwdwh�1

Iru wkh suhvhqw g|qdplf wkhruhwlfdo prgho d xqltxh qrq0wulyldo vwdwlrqdu| vwdwh h{0

lvwv/ li wkh srsxodwlrq lv vwdwlrqdu|/ dv vkrzq lq fkdswhu 91 Dffruglqjo|/ rqh ri wkh

qhfhvvdu| pdqlsxodwlrqv frqvlvwv ri dvvxplqj d vwdwlrqdu| srsxodwlrq1 Wkh uhpdlqlqj

pdqlsxodwlrqv duh derxw uhvhwwlqj d  rz yduldeoh +h1j1 qhw lqyhvwphqwv, vxfk wkdw wkh

fruuhvsrqglqj vwrfn yduldeoh +h1j1 wkh fdslwdo vwrfn, grhv qrw fkdqjh1 Ilqdoo|/ �jxuhv

kdyh wr eh lpsxwhg iru vrph yduldeohv iru zklfk dfwxdo gdwd gr qrw h{lvw ru ghyldwh

wrr pxfk iurp wkh wkhruhwlfdo frqfhsw1

Vhfwlrq :14 jlyhv d vkruw ryhuylhz ri doo wkh vwhsv lqyroyhg lq wkh hqwluh fdoleudwlrq

surfhgxuh1 Vhfwlrq :15 eulh | ghvfulehv wkh edvh |hdu gdwd vhw xwlol}hg1 Wkh txdqwlwd0

wlyh rxwfrph ri wkh fdoleudwlrq lv olvwhg lq vhfwlrq :161 Wkh uhpdlqlqj vhfwlrqv h{sodlq

krz wklv rxwfrph lv dfklhyhg1

Dv vwdwhg lq vhfwlrq :14/ wkhuh duh vhyhudo vwhsv lqyroyhg lq wkh hqwluh fdoleudwlrq sur0

fhgxuh1 Wr foduli| wkh phwkrgrorj|/ vhfwlrq :17 �uvw jrhv wkurxjk wkh ghwdlov ri wkh

vlpsohvw sduw ri wkh fdoleudwlrq surfhgxuh/ qdpho| wkh fdoleudwlrq ri wkh sdudphwhuv

ri wkh vlpsoh vwdwlf htxdwlrqv uho|lqj rq wkh edvh |hdu gdwd/ e| h{dplqlqj dq looxv0

wudwlyh h{dpsoh= Wkh fdoleudwlrq ri wkh h{sruw ghpdqg ixqfwlrqv1 Wkh phwkrgrorj|

lv dqdorjrxv wr wkh fdoleudwlrq ri vwdwlf prghov1

Vhfwlrq :18 grfxphqwv krz +vrph ri, wkh gdwd duh pdqlsxodwhg vxfk wkdw wkh uhvxowlqj

gdwd vhw 0 zklfk lv qdphg wkh ehqfkpdun gdwd vhw 0 irupdoo| vdwlv�hv wkh uhtxluhphqw

ri d gdwd vhw ghslfwlqj d vwdwlrqdu| vwdwh hfrqrp|1 Vhfwlrq :19 ghdov zlwk wkh fdol0

eudwlrq ri wkh uhpdlqlqj sdudphwhuv rq wkh ehqfkpdun gdwd vhw1 Ilqdoo|/ vhfwlrq :1;

eulh | rxwolqhv krz wkh frpsxwhu yhuvlrq ri wkh prgho lv vroyhg1

:14 D eulhi ryhuylhz ri wkh hqwluh fdoleudwlrq surfhgxuh

Wkh fdoleudwlrq surfhgxuh lqyroyhv wkh iroorzlqj 7 vwhsv=

41 Fkrrvlqj d edvh |hdu dqg froohfwlqj wkh edvh gdwd vhw1

4<<8 lv fkrvhq dv d edvh |hdu1 Wkh fruh ri wkh edvh gdwd vhw lv dq lqsxw rxwsxw wdeoh

iru wkh edvh |hdu/ exw rwkhu vwdwlvwlfv duh xwlol}hg dv zhoo1

61 Frqvwuxfwlqj wkh ehqfkpdun gdwd vhw iurp wkh edvh gdwd vhw1
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Lqvshfwlqj wkh edvh |hdu gdwd uhyhdov wkdw wkhuh duh vhyhudo irupdo revwdfohv wr uh0

jduglqj wkh edvh gdwd vhw dv jhqhudwhg e| d vwdwlrqdu| vwdwh hfrqrp|1 Wkh edvh |hdu

gdwd vhw lv wkhuhiruh pdqlsxodwhg vr wkdw wkh uhvxowlqj gdwd vhw 0 zklfk lv fdoohg wkh

ehqfkpdun gdwd vhw 0 vdwlvi| wkh irupdo frqglwlrqv iru uhsuhvhqwlqj d vwdwlrqdu| vwdwh

vroxwlrq wr wkh prgho15 Prvw ri wkhvh gdwd pdqlsxodwlrqv duh derxw dowhulqj wkh vl}h ri

d  rz yduldeoh +h1j1 qhw lqyhvwphqwv e| pdqlsxodwlqj wkh sk|vlfdo ghsuhfldwlrq udwh,

vxfk wkdw wkh fruuhvsrqglqj vwrfn yduldeoh +h1j1 wkh fdslwdo vwrfn, grhv qrw fkdqjh

gxulqj wkh ehqfkpdun |hdu dv uhtxluhg lq vwdwlrqdu| vwdwh/ exw dovr d v|qwkhwlf vwd0

wlrqdu| vwdwh srsxodwlrq lv frpslohg1 Ilqdoo|/ gdwd iru vrph prgho yduldeohv 0 zklfk

hlwkhu fdq qrw eh revhuyhg ru rqo| fdq eh phdvxuhg zlwk wrr olwwoh uholdelolw| 0 duh

lpsxwhg rq prgho frqvlvwhqw dvvxpswlrqv1

61 Fdofxodwh wkh prghov sdudphwhuv vr wkdw prgho*v vwdwlrqdu| vwdwh vroxwlrq uhsurgxfhv

wkh ehqfkpdun gdwd vhw h{dfwo|1

Wkh sdudphwhuv duh fdofxodwhg e| lqyhuwlqj wkh prghov htxdwlrqv/ l1h1 e| �{lqj wkh

yduldeohv dw wkhlu ehqfkpdun ydoxhv dqg wkhq vroyh wkh htxdwlrqv iru wkh xqnqrzq sd0

udphwhuv1 Zlwk vrph h{fhswlrqv +wkh lqwhuwhpsrudo sdudphwhuv lq wkh xwlolw| ixqfwlrq

ri krxvhkrogv, wklv lv grqh iru rqh htxdwlrq dw wkh wlph1 Wkh surfhgxuh ohdyhv vrph

ghjuhhv ri iuhhgrp dv wkh prgho frqwdlqv pruh sdudphwhuv wkdq qrq0lghqwlw| htxd0

wlrqv1 Wklv ohdyhv urrp iru �{lqj lq dgydqfh sdudphwhuv rq zklfk wkhuh h{lvwv jrrg

sulru lqirupdwlrq dv iru h{dpsoh ehkdylrudo2whfkqlfdo sdudphwhuv vxfk dv hodvwlflwlhv

ri vxevwlwxwlrq/ zkloh pruh wulyldo sdudphwhuv vxfk dv FHV glvwulexwlrq sdudphwhuv

duh fdofxodwhg e| vroylqj wkh lqyhuwhg htxdwlrqv1 Krzhyhu wkh ghvwlqfwlrq ehwzhhq

wkhvh wzr fdwhjrulhv ri sdudphwhuv lv qrw shuihfwo| fohdu fxw1

71 Li ghvludeoh= Frqvwuxfwlqj wkh ehqfkpdun gdwd vhw LL iurp wkh ehqfkpdun gdwd vhw1

Wklv lv grqh e| uhyhuvlqj vrph ri wkh iruphu gdwd pdqlsxodwlrqv li srvvleoh dqg

ghvludeoh/ xvlqj wkh prgho wr fdofxodwh wkh qhz gdwd vhw1 Iru h{dpsoh wkh sk|vlfdo

udwh ri ghsuhfldwlrq lq wkh prgho fdq eh vkrfnhg edfn wr lwv xqpdqlsxodwhg ohyho dqg

wkh uhvxowlqj prgho vroxwlrq fdq eh uhjdughg dv wkh �qdo ehqfkpdun gdwd vhw LL1

Wkh fdoleudwhg prgho vkrxog eh wkrxjkw ri dv d sdudphwul}hg wkhruhwlfdo prgho dqg

wkh vlpxodwlrqv dv d zd| ri h{sorulqj wkh prgho surshuwlhv lq d vlwxdwlrq zkhuh wkh

5Dv srlqw 7 ehorz uhyhdov/ wklv ehqfkpdun gdwd vhw vkrxog surshuo| eh qdphg wkh ehqfkpdun
gdwd vhw L1 Iru frqyhqlhqfh lw lv krzhyhu mxvw uhihuuhg wr dv wkh ehqfkpdun gdwd vhw1
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sursruwlrqv ri wkh prgho uhvhpeohv wkrvh ri wkh Gdqlvk hfrqrp|1 Krzhyhu/ wkh suhvhqw

fdoleudwhg yhuvlrq vkrxog qrw eh uhjdughg dv dq hpslulfdo prgho ri wkh dfwxdo Gdqlvk

hfrqrp|1 Iru h{dpsoh/ wkh srsxodwlrq lv dvvxphg wr eh vwdwlrqdu|1 Frpsdulqj wkh

�jxuhv BB dqg BB +sdjh BB, uhyhdov wkdw wklv lv �udwkhu idu� iurp ehlqj wkh fdvh1

:15 Wkh edvh |hdu gdwd vhw

Lq wklv yhuvlrq/ 4<<8 lv fkrvhq dv wkh edvh |hdu1 Wkh dfwxdo edvh |hdu gdwd vhw lv

grfxphqwhg lq ghwdlov lq dsshqgl{ H1 Lq wklv vhfwlrq d eulhi ryhuylhz vx!fhv1 Wkh

dfwxdo gdwd xwlol}hg duh pdlqo| qdwlrqdo dffrxqwv gdwd=6

41 Lqsxw rxwsxw gdwd1

D vwdqgdug lqsxw rxwsxw wdeoh lq fxuuhqw sulfhv lv frpslohg iru wkh edvh |hdu1

51 Gdwd iru wkh fdslwdo vwrfn1

Wkh fdslwdo vwrfn lv gh�qhg dv wkh vr0fdoohg qhw fdslwdo vwrfn ri wkh qdwlrqdo dffrxqwv1

Wkh qhw fdslwdo vwrfn lv wkh sk|vlfdo fdslwdo vwrfn ydoxhg lq ghsuhfldwhg uhsodfhphqw

sulfhv zklfk wdnh dffrxqw ri wkh uhpdlqlqj olihwlph ri hdfk fdslwdo jrrg1 Wkh sulydwh

vhfwru fdslwdo vwrfn lqfoxghv wkh fdslwdo vwrfn ri wkh zkroh sulydwh vhfwru lqfoxvlyh

gzhoolqjv1

61 Gdwd iru wkh sxeolf vhfwru exgjhw dqg qhw ghew1

Wkh sxeolf vhfwru lv gh�qhg dv wkh vwdwh +lqfoxglqj wkh Vrfldo Shqvlrq Ixqg dqg

wkh Fhqwudo Edqn, dqg orfdo jryhuqphqwv l1h1 h{foxglqj wkh sxeolf ixqgv +frqvlvwlqj

pdlqo| ri DWS/ DXG/ OG dqg OJ, zklfk sulpdulo| dgplqlvwudwh irufhg sulydwh shq0

vlrq vfkhphv1 Wkhvh ixqgv duh fodvvl�hg dv sduw ri wkh sxeolf vhfwru lq wkh qdwlrqdo

dffrxqwv ehfdxvh wkhlu uhyhqxh lv jhqhudwhg iurp wd{0olnh duudqjhphqwv1 Lq wkh prgho/

wkh| duh fdwhjrul}hg dv sduw ri wkh sulydwh vhfwru ehfdxvh wkh dvvxpswlrqv ri shuihfw

iruhvljkw dqg shuihfw fdslwdo pdunhwv pdnh wkh irufhg sulydwh shqvlrq0vdylqjv ri wkhvh

ixqgv hdv| wr frpshqvdwh iru e| yroxqwdu| vdylqjv2ordqv ri wkh sulydwh djhqwv1

71 Gdwd iru wkh fxuuhqw dffrxqw dqg wkh qhw iruhljq dvvhwv1

6Wkh| duh edvhg rq wkh rog yhuvlrq ri wkh qdwlrqdo dffrxqw1 Lq Rfwrehu 4<<:/ Vwdwlvwlfv Ghqpdun
sxeolvkhg d qhz qdwlrqdo dffrxqw edvhg rq wkh HQV<8 vwdqgdug1 Wklv zloo ri frxuvh eh xwlol}hg lq
wkh ixwxuh fdoleudwlrq ri GUHDP1 Dw suhvhqw wkh qhz yhuvlrq ri wkh qdwlrqdo dffrxqw lv qrw |hw
frpsohwh dqg wkhuhiruh wkh rog yhuvlrq lv xwlol}hg lqvwhdg1
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Wkh fxuuhqw dffrxqw dqg wkh qhw iruhljq dvvhwv duh gh�qhg iru wkh zkroh Nlqjgrp

ri Ghqpdun lqfoxglqj wkh Idurh Lvodqgv dqg Juhhqodqg dv rssrvhg wr wkh qdwlrqdo

dffrxqw frqfhswv1

Doo dprxqwv duh phdvxuhg lq eloolrqv ri Gnu1 Wkh srsxodwlrq lv phdvxuhg lq wkrx0

vdqgv/ l1h1 shu fdslwd �jxuhv duh phdvxuhg lq ploolrqv ri Gnu1 Zh dsso| wkh Kduehujhu

frqyhqwlrq ri phdvxulqj txdqwlwlhv vxfk wkdw wkh qhw sulfhv ri doo jrrgv duh htxdo wr

rqh lq wkh edvh |hdu gdwd vhw17 Wkh lpsruw sulfh lqfoxglqj fxvwrp dqg lpsruw gxwlhv

phdvxuhg lq Gnu1/ zklfk lv wkh vwdqgdug qxphudluh ri wkh prgho/ lv dffruglqjo| sxw

htxdo wr rqh1 Dovr wkh zdjh frvwv lqfoxvlyh wkh sd|uroo wd{/ `|f
E� n |@

|f
�/ lv sxw htxdo

wr rqh1

:16 Uhvxowv

Wkh prgho lv vroyhg iru 8 |hdu shulrgv wr uhgxfh wkh frpsxwdwlrqdo exughq1 Wklv

lpsolhv wkdw  rzv duh 8 wlph odujhu wkdq iru dq dqqxdo iuhtxhqf|/ zkloh vwrfnv duh

xqfkdqjhg1 Prylqj iurp dq dqqxdo wr d 8 |hdu iuhtxhqf|/ zh krzhyhu dgrsw wkh

frqyhqwlrq ri nhhslqj  rzv xqfkdqjhg/ dqg fruuhvsrqglqjo| glylglqj vwrfnv e| 8 wr

nhhs wkh uhodwlrq ehwzhhq vwrfnv dqg  rzv fruuhfw1 Dovr/ lqwhuhvw udwhv/ glvfrxqw udwhv

hwf1 vkrxog eh prgl�hg zkhq prylqj iurp dq dqqxdo wr d 8 |hdu iuhtxhqf|1 Wklv lv

grqh e| pxowlso|lqj e| 81 Wklv sudfwlfh lpsolflwo| dvvxphv wkdw iru h{dpsoh lqwhuhvwv

duh rqo| fdofxodwhg rqfh gxulqj wkh shulrg/ qdpho| xowlpr wkh shulrg1

Dv lw zloo eh ghprqvwudwhg lq wkh qh{w vhfwlrqv/ wkh prgho frqwdlqv hqrxjk sdudphwhuv

wr ohdyh urrp iru �{lqj vrph ri wkhp iuhho| lq dgydqfh1 Wkh| duh glvsod|hg lq wdeoh

:1418 Lw lv dwwhpswhg wr �{ wkrvh sdudphwhuv d sulrul zklfk duh hvshfldoo| lpsruwdqw

iru wkh pdujlqdo surshuwlhv ri wkh prgho dqg iru zklfk vrph hpslulfdo nqrzohgjh

h{lvwv1 Wkh wdeoh lqglfdwhv zkhwkhu dqg krz d sdudphwhu vkrxog eh prgl�hg zkhq

wkh iuhtxhqf| fkdqjhv1

7Wkh qhw sulfh ri d jrrg lv gh�qhg dv wkh pdunhw sulfh plqxv h{flvh wd{hv dqg soxv vxevlglhv1
8Wkh wdeoh h{foxghv gdwd iru wkh srsxodwlrq grfxphqwhg lq ghwdlov lq fkdswhu 6 dqg gdwd iru djh

ghshqghqw wudqvihuv glvwulexwhg dw djh dqg jhqghu grfxphqwhg lq dsshqgl{ H1



455 FDOLEUDWLRQ

Parameter Sector Description Value
PHIB  Unemployment benefits indexation 0.680
TWS  Average wage tax rate paid by the households 0.427
TLS  Labor market contribution tax rate 0.060
TUBS  Average tax rate on unemployment benefits 0.306
TTRANSPS  Tax rate on pensions 0.231
TDS  Tax rate on dividend income 0.349
TRS  Tax rate on interest income 0.477
TGS  Tax rate on capital gains 0.241
TCS  Corporate tax rate 0.340
TWAS  Wage tax rate paid by the employer 0.000
DTS  Tax rate on dividend income 0.719

2. Behavioral and technical parameters
Parameter Sector Description Value
N  Rate of growth 0.000
IRS  Interest rate 0.250
THETA  Time preference 0.013
ALASTSHARE  Last period assets (bequest) as a share of all assets 0.040
GAMMA  Elasticity of labour supply 0.100
SIGMA_C  Elasticity of substitution (P-G) in consumer CES allocation 1.100
SIGMA_CP  Elasticity of substitution (PD-PF)in consumer CES allocation 1.500
SIGMA_Y PRI-P Elasticity of substitution (M(K-L)) 0.250
SIGMA_Y GOV-P Elasticity of substitution (M(K-L)) 0.250
SIGMA_YH PRI-P Elasticity of substitution (K-L) 0.600
SIGMA_YH GOV-P Elasticity of substitution (K-L) 0.600
SIGMA_YM PRI-P Elasticity of substitution (MP-MG) 0.100
SIGMA_YM GOV-P Elasticity of substitution (MP-MG) 0.100
SIGMA_YMP PRI-P Elasticity of substitution (MPD-MPF) 1.200
SIGMA_YMP GOV-P Elasticity of substitution (MPD-MPF) 1.100
SIGMA_I PRI-P Elasticity of substitution (ID-IFO) 1.500
SIGMA_I GOV-P Elasticity of substitution (ID-IFO) 1.300
EPSILON PRI-P Export demand elasticity -1.400
EPSILON GOV-P Export demand elasticity -1.400
D PRI-P Physical rate of depreciation of K 0.290
D GOV-P Physical rate of depreciation of K 0.187
DSK PRI-P Corporate debt share of the repl.value of K 0.600
PSI  Convexity of adjustment costs in prod. func. 2.000

Wdeoh :141 Sdudphwhuv fdofxodwhg d sulrul

Wkh hodvwlflwlhv ri vxevwlwxwlrq lq wkh surgxfwlrq ixqfwlrq duh wdnhq iurp wkh Gdq0

lvk vwdwlf FJH0prgho JHVPHF/ zkhuh wkh fkrlfh lv edvhg rq d vxuyh| ri Gdqlvk

dqg lqwhuqdwlrqdo hpslulfdo vwxglhv/ fi1 Iudqgvhq/ Kdqvhq ) Wulhu +4<<8, zlwk wkh

h{fhswlrq ri wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq sulydwho| dqg jryhuqphqwdoo| sur0

gxfhg pdwhuldov/ rq zklfk wkhuh h{lvwv vfdufh hylghqfh1 Lw lv dvvxphg wr wdnh wkh yhu|

prghudwh ydoxh ri 3141 Wkh iruhljq wudgh hodvwlflwlhv duh wdnhq iurp wkh hpslulfdo hvwl0

pdwhv ri wkh Gdqlvk pdfurhfrqrphwulf prghov DGDP/ fi1 Gdp +4<<8,/ dqg VPHF/

fi1 Ghw ûnrqrplvnh Uègv Vhnuhwduldw +4<<7,/ frqyhuwlqj wkh lpsruw sulfh hodvwlflwlhv

ri VPHF wr wkh uhohydqw hodvwlflwlhv ri vxevwlwxwlrq ri GUHDP +<166,/ fi1 dsshqgl{

H1 Wkh lpsolflw djjuhjdwh rzq sulfh hodvwlflw| ri lpsruwv lv htxdo wr 04131

Wkh oderu vxsso| hodvwlflw| lv wdnhq iurp wkh hvwlpdwh ri Vplwk +4<<8,1 Wkh lqvwdo0

odwlrq frvwv sdudphwhu/ / lv vhw htxdo wr rqh zklfk lv frqyhqlhqw/ ehfdxvh wkhq wkh
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ghulydwlyh ri wkh lqvwdoodwlrqv frvwv zlwk uhvshfw wr hlwkhu lqyhvwphqwv ru wkh fdslwdo

vwrfn wkhq rqo| ghshqg rq wkh lqyhvwphqw0fdslwdo udwlr/ fi1 +5155, dqg +5156,1 Wkh udwh

ri wlph suhihuhqfh lv �{hg vxfk wkdw wkh dvvhw sur�oh ri jhqhudwlrqv urxjko| pluuruv

plfur hylghqfh1

Wkh olvwhg wd{ udwhv duh qrw gh�qhg dv pdfur wd{ udwhv +djjuhjdwh uhyhqxh glylghg

e| djjuhjdwh edvh,1 Lqvwhdg zh dlp dw phdvxulqj wkhlu lqfhqwlyh lpsdfwv uhohydqw lq

wkh rswlpl}dwlrq sureohpv ri wkh krxvhkrogv dqg �upv1 Dsso|lqj wkhvh sdudphwhu

ydoxhv pd| wkhuhiruh gholyhu wd{ uhyhqxhv ghyldwlqj iurp wkh edvh |hdu uhyhqxhv1

Wklv kdv lpsolfdwlrqv iru wkh oxps vxp wudqvihuv zklfk duh fdofxodwhg uhvlgxdoo| wr

edodqfh wkh sxeolf exgjhw/ fi1 vhfwlrq :18141 Wkh fdofxodwlrq ri wkh wd{ udwhv dqg wkh

xqhpsor|phqw lqgh{dwlrq sdudphwhu lv grfxphqwhg lq ghwdlov lq dsshqgl{ H1

Wkh uhpdlqlqj sdudphwhuv duh olvwhg lq wdeoh :151 Wkh| duh fdofxodwhg uhvlgxdoo| xq0

ghu wkh uhvwulfwlrq wkdw wkh uhohydqw htxdwlrqv dsso|/ l1h1 wkdw wkh| uhsurgxfh wkh

ehqfkpdun gdwd vhw1 Wkh qh{w vhfwlrqv ghvfuleh wkh surfhgxuh1
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1. Policy parameters
Parameter Sector Description Value
IOTA1  Public consumption relative to nominal GDP at factor costs 0.294
KAPPA  Public investments relative to nominal GDP at factor costs 0.024
TRANSPS_0  Average pension for each pensioner inclusive very olds persons 0.089
TVATS  Value added tax rate 0.164
TCPS  Excise quantity tax rate on consumption of the private good 0.071
TCGS  Excise quantity tax rate on consumption of the governmental good 0.071
TIS PRI-P Tax rate on investment goods 0.071
TIS GOV-P Tax rate on investment goods 0.259
TMS PRI-P Tax rate on material goods 0.013
TMS GOV-P Tax rate on material goods 0.242
TXS PRI-P Tax (subsidy) rate on export goods -0.014
TXS GOV-P Tax (subsidy) rate on export goods -0.014
TARIFFS  Tariff rate on foreign goods 0.007

2. Behavioral and technical parameters
Parameter Sector Description Value
NY  Intertemporal elasticity of substitution 0.942
XI  Preference for leaving bequest 0.600
GAMMA1  Level of disutility of labour supply 1935430
LBAR  Maximum labor supply from a generation 0.209
PHIP  Public pensions indexation 0.095
MY_CP  Distribution factor in CES-aggregate of C       (Private) 0.959
MY_CG  Distribution factor in CES-aggregate of C       (Governmental) 0.060
MY_CPD  Distribution factor in CES-aggregate of CP      (Domestic) 0.851
MY_CPF  Distribution factor in CES-aggregate of CP      (Foreign) 0.358
MY_YM PRI-P Distribution factor in (MH) CES prod.func.      (Materials) 0.045
MY_YM GOV-P Distribution factor in (MH) CES prod.func.      (Materials) 0.007
MY_YH PRI-P Distribution factor in (MH) CES prod.func.      (H-aggregate) 0.081
MY_YH GOV-P Distribution factor in (MH) CES prod.func.      (H-aggregate) 0.195
MY_YHK PRI-P Distribution factor in (KL) CES prod.func.      (Capital) 0.389
MY_YHK GOV-P Distribution factor in (KL) CES prod.func.      (Capital) 0.032
MY_YHL PRI-P Distribution factor in (KL) CES prod.func.      (Labor) 0.315
MY_YHL GOV-P Distribution factor in (KL) CES prod.func.      (Labor) 0.911
MY_YMP PRI-P Distribution factor in CES-aggregate of M       (Private) 0.877
MY_YMP GOV-P Distribution factor in CES-aggregate of M       (Private) 0.445
MY_YMG PRI-P Distribution factor in CES-aggregate of M       (Governmental) 0.000
MY_YMG GOV-P Distribution factor in CES-aggregate of M       (Governmental) 0.000
MY_YMPD PRI-P Distribution factor in CES-aggregate of MP      (Domestic) 0.790
MY_YMPD GOV-P Distribution factor in CES-aggregate of MP      (Domestic) 0.883
MY_YMPF PRI-P Distribution factor in CES-aggregate of MP      (Foreign) 0.311
MY_YMPF GOV-P Distribution factor in CES-aggregate of MP      (Foreign) 0.154
MY_ID PRI-P Distribution factor in CES-aggregate of I       (Domestic) 0.853
MY_ID GOV-P Distribution factor in CES-aggregate of I       (Domestic) 0.927
MY_IF PRI-P Distribution factor in CES-aggregate of I       (Foreign) 0.356
MY_IF GOV-P Distribution factor in CES-aggregate of I       (Foreign) 0.162
CHI PRI-P Export demand level 305.003
CHI GOV-P Export demand level 0.212
PHI PRI-P Controls size of adjustment costs in prod. func. 1.138
PHI GOV-P Controls size of adjustment costs in prod. func. 0.000

Wdeoh :151 Sdudphwhuv fdofxodwhg uhvlgxdoo|

:17 Dq h{dpsoh ri wkh fdoleudwlrq phwkrg= fdoleudwlrq ri wkh h{sruw gh0

pdqg ixqfwlrqv

Lq wklv vhfwlrq wkh phwkrg ri fdoleudwlrq ri wkh sdudphwhuv rq wkh edvh |hdu gdwd vhw

lv looxplqdwhg e| d wkrurxjk glvfxvvlrq ri dq h{dpsoh= wkh fdoleudwlrq ri wkh h{sruw

ghpdqg ixqfwlrqv1 Wkh fdoleudwlrq lv shuiruphg xqghu wkh uhtxluhphqw wkdw wkh edvh
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|hdu ydoxhv ri wkh hqgrjhqrxv yduldeohv ri wkh prgho duh h{dfwo| uhsurgxfhg e| wkh

fdoleudwhg htxdwlrqv1

Wkh h{sruw ghpdqg ixqfwlrqv +BB, duh uhvwdwhg ehorz dv

f �

|f
' ��

��
� n |�f

|f

�
R�
|f

�
30

�

� ' �cC +:14,

zkhuh vxelqgh{ |f ghqrwhv wkh ehqfkpdun |hdu E| ' |f�19 Wkh fdoleudwlrq ri wklv

ixqfwlrq lv derxw dvvljqlqj qxpehuv wr wkh yduldeohv +h{sruw ghpdqgv/f �

|f
/ dqg h{sruw

sulfhv/ R�
|f
, dqg wkh sdudphwhuv +wkh lqgluhfw h{sruw wd{ udwhv/ |�f

|f
/ wkh qxphulfdo sulfh

hodvwlflwlhv/ 0�/ dqg wkh vfdoh sdudphwhuv/ ��,1

Iluvw/ lw vkrxog eh qrwhg wkdw wkh lqgluhfw wd{ sdudphwhuv dovr rffxuv lq +8168, zklfk

iru | ' |f vd|v

fA
|f
'

[
�'�cC

|�f
|f
R�
|f
f �

|f
+:15,

zkhuh fA
|f
lv wkh ehqfkpdun uhyhqxh ri h{sruw wd{hv qhw ri vxevlglhv1 Dffruglqjo|/

fdoleudwlrq ri +:14, suhvxssrvhv wkdw +:15, kdv ehhq fdoleudwhg ehiruhkdqg1

Wkhuhiruh wkh fdoleudwlrq ri +:15, zloo eh glvfxvvhg �uvw1 Wkh ydoxhv ri wkh yduldeohv

lq txhvwlrq lq wkh edvh |hdu gdwd vhw fdq eh uhdg gluhfwo| iurp wkh edvh |hdu lqsxw

rxwsxw wdeoh1: Iluvw/ dffruglqj wr wkh Kduehujhu frqyhqwlrq wkh xqlwv ri phdvxuhphqw

duh gh�qhg vxfk wkdw doo qhw sulfhv +pdunhw sulfhv qhw ri h{flvh wd{hv dqg vxevlglhv, duh

htxdo wr rqh lq wkh edvh |hdu gdwd vhw/ l1h1 R�
|f
' �/ � ' �cC1 Wklv lv yhu| frqyhqlhqw/

ehfdxvh lw lpsolhv wkdw h{sruwv dw qhw sulfhv lq ydoxh whupv duh htxdo wr h{sruwv lq

txdqwlw| whupv1 Wkhuhiruh wkh txdqwlw| ri h{sruwv lq wkh edvh |hdu gdwd vhw fdq eh

uhdg gluhfwo| iurp wkh lqsxw rxwsxw wdeoh dv wkh gholyhulhv iurp grphvwlf surgxfwlrq

wr h{sruwv/ l1h1 f�

|f
' �����H. eloolrq Gnu1 dqg fC

|f
' f�2�S eloolrq Gnu1 phdvxuhg lq

edvh |hdu qhw sulfhv1 Wkh uhyhqxh ri h{flvh wd{hv plqxv vxevlglhv frqfhuqlqj h{sruwv

fdq dovr eh uhdg gluhfwo| iurp wkh h{sruw froxpq dv wkh gholyhu| iurp qhw frpprglw|

wd{hv wr h{sruwv/ l1h1 fA
|f
' �e�e�� eloolrq Gnu1 Wkh qhjdwlyh vljq vkrzv wkdw lw lv d

vxevlg| lq qhw whupv1 Iru vlpsolflw| lw lv dvvxphg wkdw wkh h{sruw wd{ udwhv duh htxdo

iru erwk h{sruwv lwhpv/ l1h1 |�f
|f

' |Cf
|f

1

Wkh uhtxluhphqw wkdw wkh fdoleudwhg yhuvlrq ri +:15, vkrxog h{dfwo| uhsurgxfh wkh edvh

|hdu h{sruw wd{ uhyhqxh lpsrvhv rqh uhvwulfwlrq +qdpho| wkh htxdwlrq +:15, lwvhoi, rq

9Lq wklv vhfwlrq/ wkh ehqfkpdun gdwd frlqflghv zlwk wkh edvh |hdu gdwd1
:Wkh vwdqgdug lqsxw rxwsxw wdeoh lv glvsod|hg dv wdeoh 4 ri dsshqgl{ H1 Dq h{sdqghg yhuvlrq

lqfoxglqj lqvwdoodwlrqv frvwv 0 zklfk gr qrw d�hfw wkh h{sruw froxpq 0 lv vkrzq dv wdeoh :18 ehorz1
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wkh fdoleudwhg sdudphwhuv ri wkh htxdwlrq1 Vlqfh wkhuh lv yluwxdoo| rqo| rqh sdudphwhu/

|�f
|f

' |Cf
|f

/ lw lv wkhuhiruh ghwhuplqhg e| wklv uhvwulfwlrq dv

|�f
|f

' |Cf
|f

'
fA

|fS
�'�cC

R�
|f
f�

|f

'
fA

|fS
�'�cC

f �

|f

'
�e�e��

�����H. n f�2�S
' �f�f�e2�S

dv fdq dovr eh vhhq lq wdeoh :151 Lq wklv lqvwdqfh/ wkhuh duh qr ghjuhhv ri iuhhgrp lq

wkh fdoleudwlrq ri wkh sdudphwhu1

Zh qrz wxuq edfn wr +:14,1 Frqvlghu wkh htxdwlrq iru sulydwh vhfwru h{sruwv +� ' � ,1

Wkh uhtxluhphqw wkdw wkh fdoleudwhg yhuvlrq ri +:14, iru � ' � vkrxog h{dfwo| uhsur0

gxfh wkh ohyho ri sulydwh h{sruwv lq wkh edvh |hdu gdwd vhw/ lpsrvhv rqh uhvwulfwlrq rq

wkh fdoleudwhg sdudphwhuv +qdpho| wkh htxdwlrq +:14, iru � ' � lwvhoi,1 Wzr sdudph0

whuv/ 0� dqg �� / uhpdlqv wr eh fdoleudwhg/ exw wkhuh lv rqo| rqh uhvwulfwlrq +:14, iru

� ' � / l1h1 wkhuh lv rqh ghjuhh ri iuhhgrp1 Lq wklv lqvwdqfh lw lv reylrxv wkdw wkh ghjuhh

ri iuhhgrp vkrxog eh xwlol}hg wr �{ wkh qxphulfdo h{sruw sulfh hodvwlflw|/ 0� / vlqfh lw

lv d sdudphwhu ri juhdw lpsruwdqfh wr wkh pdujlqdo surshuwlhv ri wkh prgho dqg lw

lv dovr hpslulfdoo| zhoo lqyhvwljdwhg1 Lq frqwudvw/ wkh vfdoh sdudphwhu/ �� / lv d pxfk

pruh �wulyldo� sdudphwhu zkrvh ixqfwlrq lv wr pdnh wklqjv �w wrjhwkhu +l1h1 klw wkh

dfwxdo ohyho ri h{sruwv, dqg kdylqj vpdoohu frqvhtxhqfhv iru wkh pdujlqdo surshuwlhv

ri wkh prgho1 Zh fkrrvh wr vhw 0� ' ��e/ fi1 wdeoh :14/ ehfdxvh wklv lv wkh orqj uxq

hvwlpdwh iru wrwdo h{sruwv lq wkh wzr Gdqlvk pdfurhfrqrphwulf prghov DGDP/ fi1

Gdp +4<<8,/ dqg VPHF/ fi1 Ghw ûnrqrplvnh Uègv Vhnuhwduldw +4<<7,/ dowkrxjk lw

vhhpv wr eh d udwkhu vpdoo ydoxh iru d vpdoo rshq hfrqrp|1;

Jlyhq 0� ' ��e/ wkh vfdoh sdudphwhu/ �� / fdq eh fdofxodwhg uhvlgxdoo| e| vroylqj +:14,

iru ��

�� ' f�

|f

��
� n |�f

|f

�
R�
|f

�
0

�

' �����H. � EE�� f�f�e2�S� � ����e ' �fD�ff�

fi1 wdeoh :151 Lqvhuwlqj wkh fdoleudwhg yduldeohv dqg sdudphwhuv dw wkh uljkw kdqg

vlgh ri +:14, dvvxuhv wkdw wkh htxdwlrq h{dfwo| uhsurgxfhv wkh fdoleudwhg ydoxh ri wkh

ohiw kdqg vlgh yduldeoh dv uhtxluhg1 Ri frxuvh/ wkh h{sruw ghpdqg ixqfwlrq ri wkh

jryhuqphqwdo rxwsxw lv fdoleudwhg vlploduo|1

Frpsdulqj wklv fdoleudwlrq surfhgxuh zlwk wkdw ri wkh wudglwlrqv ri pdfurhfrqrphwulf

prghov olnh DGDP dqg VPHF/ wzr gl�huhqfhv vkrz xs1

;Wr eh h{dfw/ lw lv htxdo wr 0418 lq VPHF1



Wkh ehqfkpdun gdwd vhw 45:

Iluvw/ wkh �iuhh� sdudphwhu/ 0� / fdq eh �{hg zlwk uhihuhqfh wr doo nlqgv ri hpslulfdo

vwxglhv/ zkhuhdv wkh wudglwlrqdo dssurdfk ri pdfurhfrqrphwulf prghoohuv lv wr hvwl0

pdwh doo wkh sdudphwhuv ri +:14, rq wkh klvwrulfdo wlph vhulhv ri wkh yduldeohv f�

|f
dqg

R�
|f
1 Wkh ydoxh ri wkh �iuhh� sdudphwhu+v, fdq iru h{dpsoh eh fkrvhq iurp vwxglhv xvlqj

rwkhu gdwd dv iru lqvwdqfh yhu| glvdjjuhjdwhg wlph vhulhv gdwd/ furvv vhfwlrq gdwd ru

sdqho gdwd1

Vhfrqg/ dvvxplqj wkdw wkh �iuhh� sdudphwhu/ 0� / lv lq idfw �{hg dw wkh ohyho hvwlpdwhg

rq wkh klvwrulfdo wlph vhulhv ri wkh yduldeohv ri wkh htxdwlrq= Wkh �wulyldo� sdudphwhu/

�� / lv fdofxodwhg uhvlgxdoo| vxfk wkdw wkh edvh |hdu ydoxh ri wkh hqgrjhqrxv yduldeoh/

f�

|f
/ lv h{dfwo| uhsurgxfhg1 Lq hvwlpdwhg htxdwlrqv ri d pdfurhfrqrphwulf prgho wklv

zloo rqo| rffxu li wkh vwrfkdvwlf uhjuhvvlrq uhvlgxdo lv htxdo wr }hur iru wkdw |hdu1 Wkh

fdoleudwhg prgho wkhuhiruh wudqvihuv d qrq0}hur edvh |hdu uhvlgxdo wr wkh �wulyldo�

sdudphwhu1

Krzhyhu/ lw vkrxog eh qrwhg wkdw wkhvh gl�huhqfhv lv rqo| d pdwwhu ri wudglwlrqv dqg

qrw fohdu0fxw/ dv pdfurhfrqrphwulf prghoohuv pljkw ri frxuvh dovr uho| rq wkh fdoleud0

wlrq surfhgxuh ri FJH prghoohuv iru vrph htxdwlrqv +dqg lq idfw kdyh rffdvlrqdoo|

grqh vr,/ dqg FJH prghoohuv pljkw lqfrusrudwh edvh |hdu uhjuhvvlrq uhvlgxdov dv dg0

glwlyh whupv lq wkhlu hvwlpdwhg htxdwlrqv +dv lw lv lq idfw grqh lq vrph FJH0prghov,1

:18 Wkh ehqfkpdun gdwd vhw

Wkh fdoleudwlrq h{dpsoh ri wkh suhfhhglqj vhfwlrq zdv edvhg gluhfwo| rq wkh edvh |hdu

gdwd vhw1 Krzhyhu/ dv douhdg| phqwlrqhg/ dv zh fdoleudwh wkh vwdwlrqdu| vwdwh vroxwlrq

ri wkh prgho lw lv uhtxluhg wkdw wkh fkrvhq gdwd vhw fdq eh lqwhusuhwhg dv ghslfwlqj wkh

vwdwlrqdu| vwdwh ri d prgho hfrqrp|1 Wkhuh duh vhyhudo irupdo revwdfohv iru uhjduglqj

wkh edvh |hdu gdwd dv pdsslqj d vwdwlrqdu| vwdwh1 Lq dgglwlrq/ vrph yduldeohv kdv wr

eh fdofxodwhg rq prgho frqvlvwhqw dvvxpswlrqv1

Wdeoh :16 dqg :17 olvwv doo wkh yduldeohv ri wkh prgho1 Wdeoh :16 glvsod|v wkh yduldeohv

zklfk ydoxhv duh nqrzq iurp ydulrxv vrxufhv/ zkhuhdv wdeoh :17 glvsod|v wkh yduldeohv

zklfk ydoxhv duh fdofxodwhg jlyhq wkh ydoxhv ri wkh nqrz yduldeohv ri wdeoh :16 dqg 0

li qhfhvvdu| 0 ri wkh ydoxhv ri rwkhu fdofxodwhg yduldeohv ri wdeoh :171

Wkh vrxufhv ri wkh nqrzq yduldeohv duh lqglfdwhg lq wkh wkuhh sduwv ri wdeoh :161 Iluvw/

wkh ydoxhv ri vrph yduldeohv duh phdvxuhg gluhfwo| e| wkh h{whuqdo gdwd ghvfulehg lq
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dsshqgl{ H1 Wkh dprxqwv duh phdvxuhg lq eloolrqv ri Gnu1 lq wkh h{whuqdo gdwd/ l1h1

wkh txdqwlwlhv duh rewdlqhg e| wkh sulfh qrupdol}dwlrqv lqglfdwhg lq wdeoh :16/ �{lqj

vrph sulfhv wr 4 lpso|lqj wkdw wkh fruuhvsrqglqj dprxqwv lq fxuuhqw sulfhv dqg wkh

txdqwlwlhv duh htxdo1 Ilqdoo|/ iru vrph yduldeohv wkhuh lv rqo| rqh ydoxh frqvlvwhqw zlwk

vwdwlrqdu| vwdwh1 Wkh| duh wkhuhiruh �{hg dw wkrvh ohyhov/ hyhq wkrxjk lw frqwudglfwv

wkh dfwxdo gdwd1

Wkh ydoxhv ri wkh yduldeohv ri wdeoh :17 duh fdofxodwhg rq prgho frqvlvwhqw dvvxpswlrqv

e| xvlqj wkh prgho htxdwlrqv xqghu wkh frqglwlrq wkdw d vwdwlrqdu| vwdwh suhydlov1

Prvw ri wkhvh yduldeohv duh fdofxodwhg rq d vlqjoh htxdwlrq edvlv1 Krzhyhu/ wkh ydoxhv

ri wkh yduldeohv frqfhuqlqj wkh glvwulexwlrq ri krxvhkrogv* dvvhwv dqg frqvxpswlrq

ryhu jhqhudwlrqv duh dovr wkh rxwfrph ri wkh fdoleudwlrq ri wkh sdudphwhuv ri wkh

krxvhkrogv* lqwhuwhpsrudo xwlolw| ixqfwlrq zklfk lv grqh e| vroylqj vhyhudo htxdwlrqv

dw wkh wlph1

Wkh qh{w irxu vxevhfwlrqv ghdo zlwk wkh pruh gl!fxow sduwv ri wkh frqvwuxfwlrq ri wkh

ehqfkpdun gdwd vhw1 Wkhvh duh

� uhprylqj wkh irupdo revwdfohv iru uhjduglqj wkh edvh gdwd vhw dv jhqhudwhg e|

d vwdwlrqdu| hfrqrp|

� frpslolqj qxpehuv iru xqrevhuyhg vwrfn yduldeohv edvhg rq prgho0frqvlvwhqw

dvvxpswlrqv1

� frpslolqj qxpehuv iru xqrevhuyhg lqvwdoodwlrq frvwv edvhg rq prgho0frqvlvwhqw

dvvxpswlrqv1

� shuiruplqj mrlqw fdoleudwlrq ri wkh krxvhkrogv* lqwhuwhpsrudo sdudphwhuv dqg

fdofxodwlrq ri wkh jhqhudwlrqdo glvwulexwlrq ri krxvhkrogv* frqvxpswlrq dqg

dvvhw kroglqjv1
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���9DULDEOHV�FRYHUHG�E\�DFWXDO�GDWD

C(TA) Total private consumption
CATG(TA) Net transfers from foreigners to the public sector
FA(TA) Foreign assets
GA(TA) Government debt
GC(TA) Government consumption
GDP(TA) Aggregate GDP at factor costs
H(ACTP,TA) KL CES aggregate
I(ACTP,TA) Gross investment (CES Armington index)
ID(ACTP,TA) Domestic inputs to gross investments
IFO(ACTP,TA) Foreign inputs to gross investments
LD(ACTP,TA) Demand for labor
MP(ACTP,TA) Input of private materials
MG(ACTP,TA) Input of governmental materials
MPD(ACTP,TA) Input of private domestic materials
MPF(ACTP,TA) Input of private foreign materials
M(ACTP,TA) Input of materials (CES Armington index)
TB(TA) Trade balance
TRANSF(A,TA) Age dependent public transfers to each female
TRANSFT(A,TA) Age dependent public transfers to each female - taxed
TRANSM(AM,TA) Age dependent public transfers to each male
TRANSMT(AM,TA) Age dependent public transfers to each male - taxed
TRANSP(TA) Public pensions to each pensioner
UB(TA) Unemployment benefits rate
X(ACTP,TA) Exports
Y(ACTP,TA) Net output (gross output minus installation costs)

���1RUPDOL]HG�SULFH�YDULDEOHV

a

PF(TA) Foreign price
PH(ACTP,TA) KL CES price index
PY(ACTP,TA) Net output CES price index

���0DQLSXODWHG�YDULDEOHV

E

CA(TA) Current account
GB(TA) Government budget balance

Notes: a)  The unit wage costs,����WD�:�  are also normalized to 1.
b)  Net investments are only implicitly defined in the model. They are
     manipulated to their stationary value (zero) via the depreciation rate.
     The population figures, which are parameters, are also manipulated  
     to stationary levels.

Wdeoh :161 Nqrzq yduldeohv
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���9DULDEOHV�FDOFXODWHG�RQ�D�VLQJOH�HTXDWLRQ�EDVLV

A(TA) Total household assets
CAT(TA) Net transfers from foreigners to each adult
CO(TA) Private consumption per very old person (CES Armington index)
COG(TA) Consumption of the governmental good per very old person
COP(TA) Consumption of the private good per very old person
COPD(TA) Consumption of the dom. supp. private good per very old person
COPF(TA) Consumption of the foreign supp. private good per very old person
DIV(ACTPP,TA) Dividend from firm
DF(ACTPP,TA) Debt of firm
HLUMP(TA) Lump sum transfer from government to each adult
HY(A,TA) Household non-interest income per adult
HYF(A,TA) Household non-interest female income per adult
HYM(A,TA) Household non-interest male income per adult

K(ACTP,TA) Capital stock
a

KB(ACTPP,TA) Book value of capital stock
LF(A,TA) Supply of female labour
LM(AM,TA) Supply of male labour
MPK(ACTP,TA) Marginal product of capital
PC(TA) Consumer CES price index
PCP(TA) Consumer CES price index for private good
PI(ACTP,TA) Gross investments CES price index
PM(ACTP,TA) Materials CES price index
PMG(ACTP,TA) Governmental materials CES price index
PMP(ACTP,TA) Private materials CES price index
Q(ACTPP,TA) Shadow price of the marginal unit of capital
QB(ACTPP,TA) Shadow price of the marginal unit of book capital
TAX(TA) Tax revenue
V(ACTPP,TA) Value of firm
W(TA) Wage for one unit of labour
YTILDE(ACTP,TA) Gross output

���9DULDEOHV�FDOFXODWHG�E\�WKH�PXOWL�HTXDWLRQ�LQWHUWHPSRUDO�FDOLEUDWLRQ

ASSET(A,TA) Households assets per adult-equivalent
C(A,TA) Household consumption per adult-equivalent (CES Armington index)
CG(A,TA) Household consumption of the governmental good per adult-equivalent
CL(A,TA) Instantaneous utility per adult-equivalent
CP(A,TA) Household consumption of the private good per adult-equivalent
CPD(A,TA) Household consumption of the dom. supplied private good per adult-equivalent
CPF(A,TA) Household consumption of the foreign supplied private good per adult-equivalent

Note: a)  The value of the capital stock valuated at replacement prices, S
L,

.

L

��L 3�* ,

      is covered by actual data. The physical capital stock �.
L

 is then inferred 

     after the investment price,�S
L,

, is calculated. 

Wdeoh :171 Fdofxodwhg yduldeohv

:1814 Uhprylqj irupdo revwdfohv iru fdoleudwlrq ri vwdwlrqdu| vwdwh

Lqvshfwlqj wkh edvh |hdu gdwd vhw/ lw lv vhhq wkdw irxu irupdo revwdfohv iru uhjduglqj

wkh edvh |hdu dv d vwdwlrqdu| vwdwh dsso|1 Wkh �uvw frqfhuqv wkh fkdqjlqj srsxodwlrq/

zkloh wkh odvw wkuhh frqfhuq d qrq0}hur  rz yduldeoh fdxvlqj wkh fruuhvsrqglqj vwrfn

yduldeoh wr fkdqjh frqwudglfwlqj wkh vwdwlrqdulw| uhtxluhphqwv1

41 Wkh vl}h dqg frpsrvlwlrq ri wkh srsxodwlrq dw djh dqg jhqghu duh fkdqjlqj
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Wkh idfw wkdw wkh srsxodwlrq lv qrw frqvwdqw reylrxvo| suhyhqwv d vwdwlrqdu| vwdwh

iurp rffxulqj1 Wkh dfwxdo edvh |hdu srsxodwlrq �jxuhv duh wkhuhiruh uhsodfhg zlwk wkh

vwdwlrqdu| vwdwh srsxodwlrq zklfk hphujhv iurp h{wudsrodwlqj wkh qxpehu ri eluwkv

xqwlo wkh vl}h dqg frpsrvlwlrq ri wkh srsxodwlrq vhwwohv/ dqg wkh djh sur�oh uh hfwv

pruwdolw|1 Wkh h{wudsrodwhg qxpehu ri eluwkv lv �{hg dw wkh ohyho zklfk uhvxowv lq d

vwdwlrqdu| vwdwh srsxodwlrq dw wkh vdph vl}h dv wkh edvh |hdu srsxodwlrq/ exw ri frxuvh

wkh frpsrvlwlrq ri wkh srsxodwlrq gl�huv1 Wkh phwkrgrorj| lv ghvfulehg lq ghwdlov lq

fkdswhu 61

51 Wkhuh duh qrq0}hur qhw lqyhvwphqwv

Wkh lpsolfdwlrq ri qrq0}hur qhw lqyhvwphqwv lv wkdw wkh fdslwdo vwrfn fkdqjhv gxulqj

wkh edvh |hdu frxqwhudfwlqj d vwdwlrqdu| vwdwh1 Rqh zd| wr vroyh wklv sureohp lv wr

gh�qh wkh sk|vlfdo udwh ri ghsuhfldwlrq vxfk wkdw doo edvh |hdu jurvv lqyhvwphqwv frq0

vlvw ri uhlqyhvwphqwv +ghsuhfldwlrqv, ohdylqj qhw lqyhvwphqwv htxdo wr }hur1 Wklv wudfn

lv iroorzhg khuh/ ehfdxvh lw uhvxowv lq dq hvwlpdwh ri wkh ghsuhfldwlrq udwh dw 3138;

iru wkh sulydwh vhfwru ehlqj udwkhu forvh wr dfwxdo udwlr ri qdwlrqdo dffrxqwv uhlqyhvw0

phqwv wr wkh fdslwdo vwrfn dw 31386 lq 4<<81 Krzhyhu/ iru wkh jryhuqphqwdo vhfwru wkh

fruuhvsrqglqj �jxuhv duh 3136: dqg 3134< uhvshfwlyho|1 Ri frxuvh/ wkh xvhixoqhvv ri

wklv phwkrg ghshqgv rq dfwxdo qhw lqyhvwphqwv ehlqj vpdoo1<

Irupdoo|/ iurp wkh sk|vlfdo fdslwdo dffxpxodwlrq lghqwlw| +519, dqg wkh vwdwlrqdu|

vwdwh frqglwlrq ri d frqvwdqw sk|vlfdo fdslwdo vwrfn/g
|

' g
|3�/ zh rewdlq wkh sk|vlfdo

udwh ri ghsuhfldwlrq ri wkh fdslwdo vwrfn/ B/ dv

B '
U
K@re

g
K@re

+:16,

zkhuh vxelqgh{ K@re uhihuv wr dfwxdo edvh |hdu �jxuhv +| ' K@re,1 Wklv lpsolhv wkdw

ehqfkpdun jurvv lqyhvwphqwv h{dfwo| htxdol}h wkh dfwxdo edvh |hdu �jxuhv dv lqwhqghg

U
|f
' Bg

|f
' U

K@re

+:17,

zkhuh g
|f

' g
K@re

+phdvxuhg dw wkh hqg ri wkh edvh |hdu,1 Dv xvxdo/ vxelqgh{ |f

<Li wklv lv qrw wkh fdvh/ lw frxog dowhuqdwlyho| eh suhihuuhg wr fkdqjh wkh ohyho ri +jurvv, lqyhvwphqwv
vxfk wkdw lw frlqflghv zlwk wkh ghsuhfldwlrq udwh wlphv wkh fdslwdo vwrfn ohdylqj qhw lqyhvwphqwv htxdo
wr }hur1 Krzhyhu fkdqjlqj wkh ohyho ri lqyhvwphqwv lv pruh frpsolfdwhg dv lw fkdqjhv vhyhudo qxpehuv
ri wkh lqsxw rxwsxw wdeoh1 Lq wkh fuhdwlqj wkh ehqfkpdun gdwd vhw LL/ wkh pdqlsxodwlrqv ri wkh udwh
ri ghsuhfldwlrqv fdq eh uhgrqh
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uhihuv wr wkh ehqfkpdun �jxuhv +| ' |f, zklfk duh qrz doorzhg wr ghyldwh iurp wkh

edvh |hdu �jxuhv li qhfhvvdu|1

61 Wkhuh lv d sxeolf vhfwru gh�flw

Wkh sxeolf gh�flw lpsolhv wkdw wkh vl}h ri wkh qhw sxeolf ghew fkdqjhv gxulqj wkh edvh

|hdu lq frq lfw zlwk wkh vwdwlrqdu| vwdwh uhtxluhphqwv1 Wklv lv ghdow zlwk e| vlpso|

gh�qlqj d +qhjdwlyh, qhw oxps vxp wudqvihu iurp wkh sxeolf vhfwru wr wkh krxvhkrogv

zklfk edodqfhv wkh sxeolf exgjhw1

Wkh ehqfkpdun vxp ri oxps vxp wudqvihuv iurp wkh jryhuqphqw wr wkh krxvhkrogv/

C
|f
/ lv wkhuhiruh gh�qhg e| gluhfwo| dsso|lqj wkh jryhuqphqw exgjhw frqvwudlqw +8153,1

Wklv dvvljqv wkdw ydoxh wr C
|f
zklfk fruuhvsrqgv wr wkh ruglqdu| exgjhw vxusoxv1

Xvlqj +8147, gh�qlqj wkh uhodwlrq ehwzhhq lqglylgxdo dqg djjuhjdwh sxeolf oxps vxp

wudqvihuv/ wkh ehqfkpdun sxeolf oxps vxp wudqvihu wr hdfk dgxow lv vlpso| rewdlqhg

dv wkh dyhudjh dprxqw shu dgxow

�
|f
'

C
|fS

..

K'�H
��8

Kc|f

+:18,

Wklv gh�qlwlrq ri sxeolf oxps vxp wudqvihuv wr krxvhkrogv kdv lpsolfdwlrqv iru wkh

ehqfkpdun �jxuhv iru djjuhjdwh krxvhkrog lqfrph1 Wklv lv dxwrpdwlfdoo| ghdow zlwk

ehfdxvh djjuhjdwh krxvhkrog lqfrph lv gh�qhg lq wkh ehqfkpdun gdwd vhw e| dsso|lqj

wkh prghov gh�qlwlrq/ fi1 wdeoh :171

Wklv gh�qlwlrq ri ehqfkpdun oxps vxp wudqvihuv dv d edodqflqj lwhp lv dovr xwlol}hg

wr fruuhfw iru vrph hqwulhv ri wkh sxeolf dffrxqw qrw ehlqj dffxudwho| uhsuhvhqwhg1

Wklv lv ixuwkhu ghvfulehg lq dsshqgl{ H zklfk jlyhv d frpsohwh uhsuhvhqwdwlrq ri wkh

sxeolf dffrxqw lq wkh prgho1

71 Wkhuh lv d fxuuhqw dffrxqw vxusoxv

Wkh fxuuhqw dffrxqw vxusoxv ohdgv wr dq lqfuhdvh lq wkh vwrfn ri qhw iruhljq dvvhwv

gxulqj wkh edvh |hdu frqwudglfwlqj wkh uhtxluhphqw ri vwdwlrqdulw|1 Djdlq/ wkh uhphg|

lv wr gh�qh d vxlwdeoh oxps vxp wudqvihu zklfk edodqfhv wkh fxuuhqw dffrxqw1

Wkh qhw wudqvihu wr hdfk krxvhkrog iurp deurdg/ �`
|f
/ lv gh�qhg vxfk wkdw wkh fxuuhqw

dffrxqw vxusoxv lv }hur1 Wkh lghqwlw| +8148, jlyhv wkh uhodwlrq ehwzhhq wkh fxuuhqw

dffrxqw dqg wkh dffxpxodwlrq ri qhw iruhljq dvvhwv1 Qrwlqj wkdw lq vwdwlrqdu| vwdwh
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wkh iruhljq ghew lv xqfkdqjhg/ l1h1 8
|

' 8
|3�/ +8148, fdq eh vroyhg iru wkh wrwdo oxps

vxp wudqvihuv wr krxvhkrogv iurp deurdg/ A`
|f
/ zklfk jlyhv d }hur fxuuhqw dffrxqw

vxusoxv

A`
|f

' �o
|f
8
|f
� A`C

|f
�

[
�'�cC

R�
|f

�
� n |�f

|f

�
f �

|f
+:19,

n
�

� n ||
|f

#
��8

|f
n

[
�'�cC

�
� ��8

|f
n U �8

|f

�$
+:1:,

Wkh wrwdo oxps vxp wudqvihuv wr krxvhkrogv iurp deurdg/ A`
|f
/ frqvlvwv ri wkh vxp ri

wkh lqglylgxdo wudqvihuv/ �`
|f
/ dv gh�qhg lq +8146,1 Lqyhuwlqj wklv htxdwlrq/ wkh iruhljq

oxps vxp wudqvihuv wr hdfk dgxow/ �`
|f
/ lv rewdlqhg dv wkh dyhudjh dprxqw shu dgxow

�`
|f

'
A`

|fS
..

K'�H
��8

Kc|f

Dovr/ wklv gh�qlwlrq ri ehqfkpdun wudqvihuv iurp deurdg kdv lpsolfdwlrqv iru wkh

ehqfkpdun �jxuhv iru djjuhjdwh krxvhkrog lqfrph1 Djdlq/ wklv lv dxwrpdwlfdoo| ghdow

zlwk ehfdxvh djjuhjdwh krxvhkrog lqfrph lv vlpso| gh�qhg lq wkh ehqfkpdun gdwd

vhw e| dsso|lqj wkh prghov gh�qlwlrq/ fi1 wdeoh :171

Wklv gh�qlwlrq ri ehqfkpdun oxps vxp wudqvihuv dv d edodqflqj lwhp lv dovr xwlol}hg

wr fruuhfw iru vrph hqwulhv ri wkh fxuuhqw dffrxqw qrw ehlqj dffxudwho| uhsuhvhqwhg1

Wklv lv ixuwkhu ghvfulehg lq dsshqgl{ H zklfk jlyhv d frpsohwh uhsuhvhqwdwlrq ri wkh

fxuuhqw dffrxqw lq wkh prgho1

:1815 Frpslolqj qxpehuv iru xqrevhuyhg vwrfn yduldeohv

Wkhuh duh wkuhh vwrfn yduldeohv lq wkh prgho zklfk duh qrw fryhuhg e| wkh edvh |hdu

gdwd vhw1 Wkh| duh doo revhuydeoh/ exw wkh h{lvwlqj hfrqrplf vwdwlvwlfv rqo| vxsso| sdu0

wldo hylghqfh qrw fryhulqj wkh prgho*v wkhruhwlfdo frqfhswv dghtxdwho|1 Dq lpsruwdqw

uhdvrq lv wkdw qrw doo �upv duh rujdql}hg dv frusrudwlrqv dv dvvxphg lq wkh prgho1

41 Wkh ghew ri wkh uhsuhvhqwdwlyh �up1

Wkh frusrudwh ghew uxoh +518, jlyhv wkh uhodwlrq ehwzhhq wkh vwrfn ri frusrudwh ghew/

�S

|f
/ dqg wkh ydoxh ri wkh fdslwdo vwrfn R�U

|f
g�

|f

�S

|f
' }R�U

|f
g�

|f
+:1;,
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Iurp wklv wkh edvh |hdu frusrudwh ghew fdq eh fdofxodwhg jlyhq dq dvvxpswlrq derxw

wkh frusrudwh ghew vkduh/ }1 Dv vhhq lq wdeoh :14 wkh vkduh lv �{hg wr 93 shu fhqw/ fi1

dsshqgl{ H1

51 Wkh errn ydoxh ri wkh fdslwdo vwrfn1

Wkh ehqfkpdun errn ydoxh ri wkh fdslwdo vwrfn/ 	g
|f
/ fdq eh fdofxodwhg xvlqj wkh errn

fdslwdo dffxpxodwlrq lghqwlw| +51:, dqg wkh vwdwlrqdu| vwdwh frqglwlrq ri d frqvwdqw

errn ydoxh ri wkh fdslwdo vwrfn/ 	g
|

' 	g
|3�/ dv

	g
|f
'

R�U
|f
U�
|f

	B
|f

+:1<,

61 Wkh ydoxh ri wkh uhsuhvhqwdwlyh �up1

Lq sulqflsoh/ wkh ydoxh ri wkh uhsuhvhqwdwlyh �up fruuhvsrqgv wr d vwrfn pdunhw ydoxh

frqfhsw1 Krzhyhu/ idu iurp doo �upv duh rujdql}hg dv frusrudwlrqv pdnlqj lw gl!fxow

wr phdvxuh wkhlu pdunhw ydoxh gluhfwo|1 Dq|zd|/ wkh vwdwlrqdulw| uhtxluhphqw lpsrvhv

d olqn ehwzhhq wkh  rz ri glylghqgv dqg wkh ydoxh ri wkh �upv1 Zh wkhuhiruh vwduw

e| phdvxulqj ehqfkpdun glylghqgv e| dsso|lqj wkh gh�qlwlrq ri glylghqgv +517, lp0

srvlqj wkh vwdwlrqdu| vwdwh frqglwlrqv �S

|

' �S

|3�
dqg 	g

|

' 	g
|3�1 Wklv ohdgv wr wkh

ehqfkpdun glylghqgv

(
|f

'
�
�� |S

|f

� �
R�
|f
t �

|f
� R��

|f
��

|f
� �

� n |@
|f

�
`

|f
u�

|f
� o

|f
�S

|f

�
+:143,

�R�U
|f
U�
|f
n |S

|f

	B
|f

	g
|f

Wklv lv lqvhuwhg lq wkh duelwudjh frqglwlrq +514, jlylqj wkh uhodwlrq ehwzhhq glylghqgv

dqg wkh ydoxh ri wkh �up1 Lq dgglwlrq wkh vwdwlrqdu| vwdwh uhtxluhphqw T
|

' T
|3� lv

lpsrvhg/ jlylqj

T
|f
'

�� |_
|f

�� |o
|f

(
|f

o
|f

+:144,

Wklv surfhgxuh ri phdvxulqj d vwrfn iurp wkh fruuhvsrqglqj  rz lq d jlyhq |hdu pd|

eh sureohpdwlf/ ehfdxvh wkh  rzv fdq ydu| pxfk iurp |hdu wr |hdu1 Lw lv krzhyhu

suhihuuhg lqvwhdg ri lpsxwlqj wkh ydoxh ri �upv lqfoxvlyh wkh odujh qxpehu ri qrq0

frusrudwlrqv iurp ydulrxv lqfrpsdwleoh vrxufhv1
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:1816 Frpslolqj qxpehuv iru lqvwdoodwlrq frvwv

Lqvwdoodwlrq frvwv duh qrw revhuydeoh1 Wkh| duh wkhuhiruh lpsxwhg e| xvlqj wkh prgho/

l1h1 e| dvvxplqj wkdw lqvwdoodwlrq frvwv lq wkh ehqfkpdun gdwd vhw dprxqwv wr h{dfwo|

wkdw ydoxh zklfk lv frpsdwleoh zlwk d vwdwlrqdu| vwdwh1 Lqvwdoodwlrq frvwv duh dvvxphg

wr eh }hur iru wkh sxeolf vhfwru1

Wkh vwduwlqj srlqw lv wkdw wkh prgho jlyhv d uhodwlrqvkls ehwzhhq wkh vl}h ri wkh

fdslwdo vwrfn/ wkh jurvv vxusoxv +wkh ydoxh ri jurvv rxwsxw plqxv wkh ydoxh ri doo

lqsxwv h{fhsw fdslwdo, dqg wkh pdujlqdo ydoxh surgxfw ri fdslwdo1 Wkh lghd lv wr

frpsduh wkh prgho fdofxodwhg jurvv vxusoxv zlwk wkh jurvv rshudwlqj vxusoxv +lq

Gdqlvk �euxwwruhvwlqgnrpvwhq�, dv gh�qhg lq wkh qdwlrqdo dffrxqwv1 Wkh gl�huhqfh

lv gh�qhg dv wkh lqvwdoodwlrq frvwv1 Iurp wklv wkh sdudphwhuv lq wkh lqvwdoodwlrq frvw

ixqfwlrq duh lqihuuhg1

Wkh jurvv surgxfwlrq ixqfwlrq iru wkh sulydwh vhfwru �t �

|

' 8 �

�
��

|

c g�

|3�
c u�

|

�
h{0

klelwv frqvwdqw uhwxuqv wr vfdoh/ l1h1 Hxohuv wkhruhp |lhogv

8�

�
��

|

cg�

|3�
c u�

|

�
'

Y8 �

Y��

�
��

|

cg�

|3�
c u�

|

�
��

|

n

Y8 �

Yg�

�
��

|

c g�

|3�
c u�

|

�
g�

|3�
n

Y8 �

Yu�

�
��

|

cg�

|3�
c u�

|

�
u�

|

Xwlol}lqj wkh �uvw rughu frqglwlrqv iru wkh ghpdqg iru oderu +514:, dqg wkh ghpdqg iru

pdwhuldov +514;, ri wkh uhsuhvhqwdwlyh �up dqg wkh h{suhvvlrq +91<, iru wkh pdujlqdo

surgxfw ri fdslwdo lq vwdwlrqdu| vwdwh zh rewdlq

g�

|f
'

R�
|f

�t �

|f
� ER��

|f
��

|f
n
�
� n |@

|f

�
`

|f
�

R�
|f
q
�
77ER� �

+:145,

iru wkh ehqfkpdun ydoxhv ri wkh yduldeohv +lqglfdwhg e| vxelqgh{ |f,1 Wkh qxphudwru

ri +BB, gh�qhv zkdw zh whuphg dv wkh jurvv vxusoxv deryh1 Xvlqj +51;, zklfk gh�qhv

wkh uhodwlrq ehwzhhq wkh jurvv rxwsxw/ wkh lqvwdoodwlrq frvwv dqg wkh qhw rxwsxw/ wkh

jurvv vxusoxv fdq eh zulwwhq dv

R�
|f

�t �

|f
� ER��

|f
��

|f
n
�
� n |@

|f

�
`

|f
� ' ��

��c|f
n R�

|f
x� EU�

|f
cg�

|f
� +:146,

zkhuh ��

��c|f
lv htxdo wr wkh jurvv rshudwlqj vxusoxv dv gh�qhg lq wkh qdwlrqdo dffrxqwv

dqg x� EU�
|f
c g�

|f
� dv xvxdo ghqrwhv wkh uhdo lqvwdoodwlrq frvwv1
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Wkh vwdwlrqdu| vwdwh fdslwdo vwrfn frqvlvwhqw zlwk wkh ehqfkpdun gdwd lv ghwhuplqhg

e| +:145,1 Li wkhuh zhuh qr lqvwdoodwlrq frvwv/ wkh qxphudwru ri +:145, zrxog eh htxdo

wr ��

��c|f
1 Wkh ghqrplqdwru lv htxdo wr wkh ehqfkpdun pdujlqdo ydoxh ri fdslwdo1

Wkhq +:145, ghwhuplqhv wkh ehqfkpdun fdslwdo vwrfn/ g�

|f
1 Krzhyhu/ zh douhdg| kdyh

dq revhuydwlrq ri g�

|f
iurp wkh qdwlrqdo dffrxqwv1 Zh wkhq wxuq +:145,0+:146, durxqg

dqg xvh wkh revhuydwlrq ri g�

|f
dqg ��

��c|f
dqg wkh fdoleudwhg ydoxh ri q

�
77ER� � wr

ghwhuplqh x� EU�
|f
c g�

|f
�1

Vroylqj iru x� EU�
|f
c g�

|f
� dqg xwlol}lqj wkh fdoleudwlrq frqyhqwlrq R�

|f
' �/ wkh ehqfk0

pdun lqvwdoodwlrq frvwv frpsdwleoh zlwk wkh ehqfkpdun +@ edvh |hdu, fdslwdo vwrfn/

g�

|f
/ dqg wkh ehqfkpdun +@ edvh |hdu, qdwlrqdo dffrxqw jurvv rshudwlqj vxusoxv/

��

��c|f
/ duh irxqg dv

x� EU�
|f
c g�

|f
� ' q

�
77ER� �g�

|f
� ��

��c|f
+:147,

Lqvhuwlqj wkh h{suhvvlrq iru x� jlyhq e| +5146, dqg dsso|lqj wkh vwdqgdug ydoxh  ' �/

jlyhv
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Wdnlqj lqwr frqvlghudwlrq wkh ehqfkpdun gh�qlwlrq ri B� / +BB,/ �� lv rewdlqhg dv
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Wkh vwdwlrqdu| vwdwh pdujlqdo surgxfw ri fdslwdo/ q
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77ER� �/ lv jlyhq e| +91<, zklfk

vkrzv wkdw q
�
77ER� � ghshqgv rq �� 1 Lqvhuwlqj wklv h{suhvvlrq iru q

�
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Wklv jlyhv wkh ydoxh ri �� zklfk 0 jlyhq  ' � 0 gholyhuv wkh ohyho ri ehqfkpdun

lqvwdoodwlrq frvwv frqvlvwhqw zlwk wkh ehqfkpdun sk|vlfdo fdslwdo vwrfn/ wkh sk|vlfdo
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udwh ri ghsuhfldwlrq +dqg wkhuhiruh wkh ehqfkpdun ohyho ri +uh,lqyhvwphqwv, dqg wkh

ehqfkpdun jurvv rshudwlqj vxusoxv1

Lq dffrxwlqj whupv/ wkh lqvwdoodwlrq frvwv duh hqwhuhg lqwr wkh lqsxw rxwsxw wdeoh dv

erwk dq dgglwlrqdo sulpdu| lqsxw dqg dv dq lqwhuphgldwh ghpdqg/ fi1 wkh vkdghg

fhoov ri wdeoh :18/ zklfk lqglfdwhv krz wkh edvh |hdu lqsxw rxwsxw wdeoh/ fi1 wdeoh

4 ri dsshqgl{ H/ lv h{sdqghg1 Wklv dvvxuhv wkdw wkh dffrxqwlqj lghqwlwlhv frqwlqxh

wr dsso|1 Wkh sulydwh vhfwru jurvv rxwsxw dw edvlf ydoxhv lv hqkdqfhg e| lqvwdoodwlrq

frvwv dprxqwlqj wr 771966 eloolrq Gnu1 ru 619 shu fhqw ri wkh ruljlqdo qdwlrqdo dffrxqwv

ohyho h{foxglqj lqvwdoodwlrq frvwv dqg 631: shu fhqw ri wrwdo sulydwh jurvv lqyhvwphqwv1

Wkh uhdghu lv uhfrpphqghg wr frqihu dsshqgl{ H iru ixuwkhu frpphqwv rq wkh lqsxw

rxwsxw gdwd1

Exports Inst. Sum
Private Public Private Public Private Public costs

1.a. Domestic private production 437793 59986 312254 0 106769 14039 311187 44633 1286661
1.b. Domestic public production 7653 5798 18928 243905 0 0 216 0 276500
2.a. Imports of private production 143293 8804 85205 0 28756 1451 0 0 267509
2.b. Imports of public production 0 0 0 0 0 0 0 0 0
3.a. Quantity commodity taxes 0 0 29500 0 0 0 0 0 29500
3.b. Ad valorem commodity taxes, net 7526 18081 73235 0 9630 4011 -4433 0 108050
4. Uses at market prices (1-3) 596265 92669 519122 243905 145155 19501 306970 44632.74 1968219.7
5. Compensation of employees 341383 173776
6. Gross operating surplus 304380 10055
7. Installation costs 44633 0
8. Gross output at basic values (4-7) 1286661 276500

Domestic production Consumption Gross investments

Wdeoh :181 Wkh ehqfkpdun lqsxw rxwsxw wdeoh zlwk lqvwdoodwlrq frvwv/ ploo1 Gnu1

:1817 Mrlqw fdoleudwlrq ri wkh lqwhuwhpsrudo xwlolw| ixqfwlrq dqg frpslodwlrq ri vrph

krxvhkrog ehqfkpdun gdwd

Wkh lqwhuwhpsrudo xwlolw| ixqfwlrq frqwdlqv wkh wkuhh sdudphwhuv wkh udwh ri wlph

suhihuhqfh/ w/ wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq/ 7/ dqg wkh ehtxhvw sd0

udphwhu/ 11 Wkh fdoleudwlrq ri wkhvh wkuhh sdudphwhuv duh shuiruphg xqghu wkh wzr

dgglwlrqdo uhvwulfwlrqv wkdw krxvhkrogv lq wkh djjuhjdwh glvsod| h{dfwo| wkh pdfur

ohyho ri krxvhkrogv* sulydwh frqvxpswlrq dqg srvvhvvlrq ri dvvhwv lq wkh ehqfkpdun

gdwd vhw1 Wkhvh wzr dgglwlrqdo frqvwudlqwv ghwhuplqh wzr ri wkh wkuhh sdudphwhuv1

Wkh uhpdlqlqj sdudphwhu pxvw eh �{hg lq dgydqfh1

Irupdoo|/ wkh fdoleudwlrq lv wkh vroxwlrq wr wkh iroorzlqj htxdwlrqv= wkh exgjhw frq0

vwudlqw/ +7148,/ wkh Nh|qhv Udpvh| uxoh/ +716:,/ wkh rswlpdo Nh|qhv Udpvh| olnh

ehtxhvw uxoh/ +BB,/ wkh gh�qlwlrq ri lqvwdqwdqrxv xwlolw|/ +7143,/ dqg wkh wzr douhdg|
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phqwlrqhg dgglwlrqdo frqvwudlqwv1 Wklv jlyhv wkh eorfn ri vwdwlrqdu| vwdwh htxdwlrqv

iru wkh fdoleudwlrq |hdu
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Kc|f
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|f
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|f
�
Jc|f

+:153,

..[
K'�H

�.8

Kc|f
@
Kc|f

' �
|f

+:154,

+:149,0+:14<, duh sduw ri wkh ruglqdu| vwdwlrqdu| vwdwh prgho/ zkloh +:153, dqg +:154,

surylgh wkh dgglwlrqdo uhvwulfwlrqv1 �
|f
lv wrwdo sulydwh frqvxpswlrq lq wkh hfrqrp|

dqg ��

|

�
Jc|

htxdov wrwdo frqvxpswlrq ri wkh yhu| rog shuvrqv +zkr kdyh vxuylyhg

wkh sodqqlqj krul}rq ri wkh ruglqdu| krxvhkrogv,/ l1h1 wkh uljkw kdqg vlgh ri +:153,

jlyhv wkh wrwdo sulydwh frqvxpswlrq dydlodeoh iru wkh ruglqdu| krxvhkrogv1 +:154, rqo|

uhsurgxfhv wkh gh�qlwlrq ri wrwdo krxvhkrog dvvhwv/ �
|f
/ fi1 +81<,1

@�.c|f/ @.Hc|f/ �oKc|f/ �+Kc|f/ �|fc ~Kc|f
dqg �

Jc|f
duh wuhdwhg dv h{rjhqrxv wr wkh sureohp/

ehfdxvh lq wkh hqwluh vwdwlrqdu| vwdwh prgho wkhvh yduldeohv duh hlwkhu h{rjhqrxv

ru ghwhuplqhg hqgrjhqrxvo| lq htxdwlrqv rwkhu wkdq +:149,0+:14<,1 Wkh qrq0lqwhuhvw

lqfrph shu dgxow0htxlydohqw fruuhfwhg iru wkh glvxwlolw| ydoxh ri zrun/ �+
Kc|f

/ ghshqgv

rq lqkhulwdjh soxv rwkhu lqfrph vrxufhv/ fi1 +714:,/ dqg +716, gh�qlqj wkh qrq0lqwhuhvw
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lqfrph shu dgxow ri d krxvhkrog ri djh K/ +
Kc|f

1 Wklv lqkhulwdjh lv uhodwhg wr wkh

ehtxhvw ri wkh hoghvw krxvhkrogv/ zklfk lv djdlq uhodwhg wr wkhlu dvvhw kroglqjv/ @..c|f/

mxvw ehiruh wkh| glh1 Wkh h{rjhqlw| ri �+
Kc|f

wkhuhiruh ghpdqgv wkdw @..c|f lv nqrz1
43

�
|f
/ �

|f
duh dovr h{rjhqrxv zklfk lv wkh hvvhqfh ri wkh surfhgxuh1 �.8

Kc|f
dqg ��

|

duh

d sdudphwhuv1 @
Kc|f

+K 9' �.c K 9' .H,/ '
Kc|f

/ �
Kc|f

duh wuhdwhg dv hqgrjhqrxv wr wkh

sureohp1 Wklv ohdyhv 4;6 htxdwlrqv +94.8<.4.93.4.4, wr ghwhuplqh 4;4 yduldeohv

+93.94.93,1 Wklv phdqv wkdw wzr ri wkh wkuhh lqwhuwhpsrudo sdudphwhuv fdq eh

ghwhuplqhg iurp wkh v|vwhp +:149,0+:154,/ ohdylqj rqh ghjuhh ri iuhhgrp wr �{ rqh

sdudphwhu h{rjhqrxvo|1 Wkh wzr sdudphwhuv duh lq idfw ghwhuplqhg e| wkh dgglwlrqdo

uhvwulfwlrqv +:153, dqg +:154,1 Zh fkrrvh wr �{ wkh udwh ri wlph suhihuhqfh/ w/ dqg

fdoleudwh wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq/ 7/ dqg wkh ehtxhvw sdudphwhu/

1/ iurp +:149,0+:154,/ exw edvlfdoo| lw grhv qrw pdwwhu/ ehfdxvh wkh vdph fdoleudwlrq

fdq ri frxuvh eh rewdlqhg e| dowhuqdwlyho| �{lqj rqh ri wkh rwkhu sdudphwhuv dw wkh

ydoxh rewdlqhg lq wkh �uvw fdoleudwlrq1

Dowkrxjk wkh h{rjhqrxv �
|f
dqg �

|f
duh sxuho| djjuhjdwh gdwd/ lw vkrxog eh vwuhvvhg

wkdw wkh fdoleudwlrq +l1h1 wkh �{lqj ri w dqg @..c|f, lv shuiruphg vxfk wkdw wkh uhvxowlqj

prgho lv urxjko| deoh wr uhsolfdwh wkh w|slfdo slfwxuh ri wkh ghyhorsphqw ri krxvhkrogv

dvvhwv uhyhdohg iurp wkh h{lvwlqj plfur gdwd= Wkh krxvhkrogv* qhw zhdowk jurzv ryhu

prvw ri wkh olih f|foh/ exw wkhq ghfolqhv vrphzkdw vhyhudo |hduv ehiruh wkh| glh/ vwloo

ohdylqj d frqvlghudeoh ehtxhvw1 Suhvhqwo|/ lw lv dvvxphg wkdw 7 shu fhqw ri wkh wrwdo

dvvhwv krogqlqjv ri doo wkh krxvhkrogv duh rzqhg e| wkh krxvkrogv zklfk duh :: |hduv

rog/ l1h1 wkh ehtxhvw ri krxvkrogv fruuhvsrqgv wr 7 shu fhqw ri doo wkhlu dvvhwv1

Wdeoh :15 vkrzv wkdw wkh suhihuhqfh iru ohdylqj ehtxhvw lv fdoleudwhg wr 319361 Wkh

lqwhusuhwdwlrq lv wkdw wkh krxvhkrog htxdwhv wkh xwlolw| ri ohdylqj 4 Gnu1 ri ehtxhvw

zlwk 31936 Gnu1 ri frqvxpswlrq dw wkh odvw shulrg ri lwv olih/ l1h1 zlwk urxjko| wkuhh

wlphv odvw |hdu*v frqvxpswlrq1

:19 Fdoleudwlrq rq wkh ehqfkpdun gdwd vhw

:1914 Qhw ydoxhv/ h{flvh wd{ udwhv dqg pdunhw sulfhv

43Wkh dvvxphg ydoxh ri d::>w3 lv h{dfwo| uhsurgxfhg hqgrjhqrxvo| e| wkh vroxwlrq wr wkh lqwhuwhp0
srudo fdoleudwlrq sureohp1
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Wkh lqgluhfw wd{ udwhv dssolhg wr pdwhuldov/ |��
|f

c � ' �cC/ dqg lqyhvwphqwv/ |�U
|f
c

� ' �cCc duh fdoleudwhg dqdorjrxv wr wkh fdoleudwlrq ri wkh h{sruw wd{ udwh/ |�f
|f
1

Wkh uhodwlrq ehwzhhq wkh wd{ edvh/ wkh wd{ udwhv dqg wkh wrwdo wd{ uhyhqxh lv jlyhq

lq +8166, iru h{flvh wd{hv dssolhg wr pdwhuldo lqsxwv1 Gh�qlqj wkh vhsdudwh uhyhqxh

iurp wkh sulydwh vhfwru/ �A �

|f
/ dqg iurp wkh jryhuqphqwdo vhfwru/ �AC

|f
/ wkh wrwdo

pdwhuldov wd{ uhyhqxh fdq dovr eh zulwwhq

�A
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' �A �

|f
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Vroylqj wkhvh iru wkh h{flvh wd{ udwhv jlyh wkh htxdwlrqv
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|f
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|f
n RC

|f
� �C

|f

/ � ' �cC +:155,

zkhuh wkh qxphudwru lv wkh uhyhqxh dqg wkh ghqrplqdwru lv wkh wd{ edvh ri wkh wd{

lq txhvwlrq1 Lq +:155, doo yduldeohv rq wkh uljkw kdqg vlghv duh rewdlqhg gluhfwo| iurp

wkh lqsxw rxwsxw wdeoh dqg wkh Kduehujhu qrupdol}lqj frqyhqwlrq iru wkh qhw sulfh/

R�
|f
' �1 Wkh pdunhw sulfhv duh wkhq fdofxodwhg e| vlpso| pxowlso|lqj wkh qhw sulfhv

zlwk rqh soxv wkh uhohydqw h{flvh wd{ udwh1 Iru h{dpsoh/ wkh pdunhw sulfh ri sulydwho|

grphvwlfdoo| surgxfhg pdwhuldov lv htxdo wr
�
� n |��

|

�
R�
|

iru lqsxwv lq vhfwru �1

Vlploduo|/ +8167, jlyhv wkh uhodwlrq ehwzhhq wkh wd{ edvh/ wkh wd{ udwhv dqg wkh wrwdo

wd{ uhyhqxh iru h{flvh wd{hv dssolhg wr lqyhvwphqwv1 Gh�qlqj wkh vhsdudwh uhyhqxh

iurp sulydwh lqyhvwphqwv/ UA �

|f
/ dqg jryhuqphqwdo lqyhvwpqhwv/ UAC

|f
/ wkh h{flvh wd{hv

rq lqyhvwphqwv iru wkh wzr pdwhuldov wd{ udwhv duh irxqg dv

|�U
|f
'

UA �

|f

R�
|

U �(
|

n U �8
|

/ � ' �cC

zkhuh UA �

|f
lv wkh uhyhqxh iurp wkh sulydwh vhfwru dqg UAC

|f
lv wkh uhyhqxh iurp wkh

jryhuqphqwdo vhfwru1

Iru vlpsolflw| lw lv dvvxphg wkdw wkh txdqwlw| h{flvh wd{ udwhv ri sulydwh frqvxpswlrq/

|��
|

dqg |�C
|

/ duh htxdo1 Wkhuhiruh wkh| fdq eh fdoleudwhg e| vroylqj wkh uhyhqxh

htxdwlrq +815;, iru wklv xqlirup wd{ udwh/ jlylqj
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' |�C
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'
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|f
n �C

|f
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Wkh edvh |hdu ydoxh dgghg wd{ udwh/ |�@|
|f
/ lv fdofxodwhg e| lqyhuwlqj wkh uhyhqxh htxd0

wlrq +815:, jlylqj

|T �A
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'
T �A

|f�
R��
|f

n |��
|f

�
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|f
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RC
|f
n |�C

|f
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|f

Dowkrxjk wkh YDW udwh lq 4<<8 zdv 3158/ wkh fdoleudwhg ydoxh ri |T �A
|f

lv rqo| 31497/

fi1 wdeoh :151 Wkh pdlq h{sodqdwlrq lv wkdw jurvv uhqwv +frqvxpswlrq ri wkh vhuylfhv

ri gzhoolqjv, duh doprvw hqwluho| h{hpswhg iurp h{flvh gxwlhv1

Wkh wroo udwh/ ||
|f
/ lv fdoleudwhg e| vroylqj +8169, iru wkh wroo udwh/ jlylqj
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:1915 Wkh surgxfwlrq ixqfwlrq dqg wkh dwhpsrudo xwlolw| ixqfwlrq

Wkh surgxfwlrq ixqfwlrq lv vshfl�hg dv d qhvwhg FHV0ixqfwlrq dqg wkh dwhpsrudo

qhvwv ri wkh xwlolw| ixqfwlrq duh dovr FHV0ixqfwlrqv1 Wkh fdoleudwlrq ri wkhvh FHV0

ixqfwlrqv fdq eh looxplqdwhg e| frqvlghulqj dq h{dpsoh= wkh sulydwh pdwhuldov qhvw

lq wkh qhvwhg FHV ixqfwlrq ri surgxfhuv/ zkhuh wkh surgxfhu lq txhvwlrq frpelqhv

sulydwho| surgxfhg pdwhuldov ri grphvwlf dqg iruhljq ruljlq wr rewdlq wkh lqwhuphgldwh

surgxfw sulydwho| surgxfhg pdwhuldov1 Wklv FHV0ixqfwlrq zklfk lv gh�qhg iru erwk

wkh sulydwh surgxfhuv +� ' � , dqg wkh jryhuqphqwdo surgxfhuv +� ' C, zulwhv
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fi1 +5145,1 Dsshqgl{ E vkrzv wkdw iru hdfk vhw ri htxdwlrqv +� ' � dqg � ' C

uhvshfwlyho|, wkh wzr glvwulexwlrq sdudphwhuv fdq eh fdoleudwhg dv
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zkhuh wkh FHV sulfh lqgh{ ri wkh djjuhjdwh ri grphvwlf dqg lpsruwhg lqsxwv/ R��
|f
/ lv

qrupdol}hg dv

R��
|f

' � n |��
|f

c �@�cC +:158,

Lq dsshqgl{ E +uhpdun 4, lw lv vkrzq wkdw rqh lv iuhh wr qrupdol}h wkh FHV rxwsxw

sulfh lqgh{ wr dq| frqyhqlhqw srvlwlyh ydoxh1 Wkh fdoleudwlrq irupxod dxwrpdwlfdoo|

dvvxuhv wkdw wkh FHV rxwsxw txdqwlw| lqgh{ lv lpsolflwo| uhvfdohg dffruglqjo| +yld

wkh fdoleudwlrq ri wkh glvwulexwlrq sdudphwhuv,/ vxfk wkdw wkh ydoxh ri rxwsxw lv xq0

fkdqjhg1 Ri frxuvh/ rqh lv dovr iuhh wr qrupdol}h wkh lqsxw sulfhv wr dq| frqyhqlhqw

srvlwlyh ydoxh/ dv orqj dv lqsxw txdqwlwlhv duh gh�qhg fruuhvsrqglqjo| vxfk wkdw wkh

ydoxhv duh xqd�hfwhg1

Dv vkrxog dovr eh fohdu iurp wkh suhffhglqj vxevhfwlrq rq wkh fdoleudwlrq ri h{flvh

wd{ udwhv/ lw lv vlpso| dvvxphg wkdw iru hdfk surgxfwlrq vhfwru/ wkh vhfwru*v pdwhuldov

lqsxw h{flvh wd{ udwh/ |��
|f
/ lv dssolhg htxdoo| wr wkh grphvwlfdoo| surgxfhg pdwhuldov/

� ��(

|f
/ dqg wr wkh lpsruwhg pdwhuldov/ � ��8

|f
1 Lq djuhhphqw zlwk wklv/ wkh qhw sulfh

ri wkh iruphu lv R�
|f
' �/ dqg wkh qhw sulfh ri odwwhu lv lpsolflwo| dvvxphg wr eh htxdo

wr rqh +lw lv wkh qxphudluh dqg wkhuhiruh lw lv dozd|v dvvxphg wr eh htxdo wr rqh,1

Dffruglqjo|/ wkh fruuhvsrqglqj pdunhw sulfhv ri wkh wzr lqsxwv ri vhfwru � duh erwk

htxdo wr �n|��
|f
1 Lq dffrugdqfh zlwk wkh sulfh qrupdol}dwlrq frqyhqwlrqv/ wkh djjuhjdwh

FHV +pdunhw, sulfh lqgh{ ri vhfwru �/ R��
|f
/ lv dovr qrupdol}hg wr �n |��

|f
/ fi1 +:158,/ dv

wklv lpsolhv wkdw wkh qhw sulfh ri wkh djjuhjdwh sulydwho| surgxfhg pdwhuldov lqsxw lv

htxdo wr rqh1

Lw lv uhtxluhg wkdw wkh sdudphwhuv duh fdoleudwhg vxfk wkdw wkh dfwxdo edvh |hdu pd0

whuldo lqsxwv ri vhfwru �/ � ��(

|f
dqg � ��8

|f
/ duh h{dfwo| uhsurgxfhg e| wkh prgho1 Iru

hdfk vhfwru �/ wklv lpsolhv wkh wzr uhvwulfwlrqv +:156, dqg +:157, rq wkh ydoxh ri wkh

wkuhh FHV0sdudphwhuv= Wkh wzr glvwulexwlrq sdudphwhuv/ >
�t ��(

dqg >
�t��8

/ dqg

wkh hodvwlflw| ri vxevwlwxwlrq/ j
�t ��

/ 0 jlyhq wkh edvh |hdu ydoxh ri wkh wzr lqsxwv/

� ��(

|f
dqg � ��8

|f
/ wkh pdwhuldov h{flvh wd{ udwh fdoleudwhg lq +:155,/ wkh sulfh qru0

pdol}lqj frqyhqwlrqv �{lqj R�
|f
+dqg lpsolflwo| dovr wkh qxphudluh lpsruw sulfh, dw

rqh dqg wkh frqyhqwlrq +:158,1 Zlwk wzr uhvwulfwlrqv dqg wkuhh sdudphwhuv/ wkhuh lv

rqh ghjuhh ri iuhhgrp1 Wklv lv xwlol}hg wr vhw j
�t��

' ���/ j
Ct��

' ��2/ fi1 wdeoh

:14/ zklfk iru erwk vhfwruv fruuhvsrqg wr wkh wdujhwhg lpsruw sulfh hodvwlflw| ri udz

pdwhuldov dw 031</ fi1 dsshqgl{ H1 Wkh gl�huhqw hodvwlflwlhv ri vxevwlwxwlrq iru wkh wzr

vhfwruv uhvxow lpso| wkh vdph rzq sulfh hodvwlflw| gr wr gl�huhqfhv lq wkh frvw vkduhv

ri wkh lqsxwv1
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Wkh fdoleudwhg ydoxhv ri wkh glvwulexwlrq sdudphwhuv duh glvsod|hg lq wdeoh :151 Doo

FHV ixqfwlrqv duh fdoleudwhg lq wkh vdph zd|1 Wkh fdoleudwlrq ri wkh fdslwdo oderu

qhvw ri wkh qhvwhg FHV surgxfwlrq ixqfwlrq ri wkh �up/ uhtxluhv wkdw wkh sulfh ri

fdslwdo lv lghqwl�hg1 Wklv lv grqh e| lqihuulqj lw iurp wkh pdujlqdo surgxfw ri fdslwdo

lq vwdwlrqdu| vwdwh1 Wkh FHV surgxfwlrq ixqfwlrq ri wkh fdslwdo oderu qhvw ri wkh

sulydwh vhfwru/ +5143,/ lv uhshdwhg khuh

M�

|

'

�
>
�t Mg

�
g�

|3�

�j�t M3�
j
�tM n >

�t Mu

�
u�
|

�j�tM3�
j
�tM

� j
�tM

j
�tM

3�

Dsshqgl{ E14 +uhpdun 4, vkrzv wkdw wkh wzr glvwulexwlrq sdudphwhuv fdq eh fdol0

eudwhg dv

>
�tMg

'
R�M
|f

q
�
77ER� �

R��M
|f

3EC g�

|f

q

� 77
ER
�
�g

�

|f
nE�n|

@

|f
�`|f

u

�

|f

R

�M

|f

4FD
�

j
�tM

+:159,

>
�tMu

'
R�M
|f

E� n |@
|f
�`

|f

R�M
|f

3EC u�
|f

q

� 77
ER
�
�g

�

|f
nE�n|

@

|f
�`|f

u

�

|f

R

�M

|f

4FD
�

j
�tM

+:15:,

zkhuh q
�
77ER� � lv wkh vwdwlrqdu| vwdwh pdujlqdo surgxfw ri fdslwdo +91<, dqg R�M

|f
lv

wkh FHV sulfh lqgh{ fruuhvsrqglqj wr wkh FHV fdslwdo oderu djjuhjdwh lqgh{/ M�

|f
1 Lq

vwdwlrqdu| vwdwh/ wkh sulfh ri fdslwdo pxvw htxdo lwv pdujlqdo ydoxh surgxfw/ l1h1 lw pxvw

eh htxdo wr R�M
|f

q
�
77ER� � ' q

�
77ER� � jlyhq wkh wkdw R�M

|f
lv frqyhqlhqwo| qrupdol}hg wr

rqh144 q
�
77ER� � fdq eh fdoleudwhg rq wkh ehqfkpdun gdwd dqg sdudphwhuv fdoleudwhg

hovhzkhuh/ fi1 +91<,1 Jlyhq wkh dvvxphg hodvwlflw| ri vxevwlwxwlrq ehwzhhq fdslwdo dqg

oderu/ j
�t M

' f�S/ fi1 wdeoh :14/ wkh wzr glvwulexwlrq sdudphwhuv/ >
�t Mg

dqg >
�t Mu

/

duh wkhq fdoleudwhg wr wkh ydoxhv lq wdeoh :15 xvlqj wkh deryh irupxodv1

Wkh jryhuqphqwdo vhfwru lv dvvxphg wr srvvhv d srolwlfdoo| ghwhuplqhg fdslwdo vwrfn

zklfk lv qrw htxdo wr wkh frvw plqlpl}lqj fdslwdo vwrfn1 Lq wkh fdoleudwlrq ri wkh

fdslwdo oderu qhvw ri wkh jryhuqphqwdo vhfwru lw lv vlpso| dvvxphg wkdw wkh vwdwlrqdu|

vwdwh pdujlqdo surgxfw ri fdslwdo ri wklv vhfwru/ q
C
77ERC�/ lv htxdo wr wkh udwlr ri

wkh edvh |hdu qdwlrqdo dffrxqw jurvv rshudwlqj vxusoxv wr wkh fdslwdo vwrfn1 Lq wkh

44Wkh fdoleudwlrq irupxod dvvxuhv wkdw wkh FHV rxwsxw sulfh lqgh{ +sSK
w3

, fdq eh �{hg wr dq|
frqyhqlhqw ydoxh/ fi1 dsshqgl{ E1
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jryhuqphqwdo vhfwru dqdorjxh wr +:147, zh vhw wkh lqvwdoodwlrq frvwv wr }hur jlylqj wkh

fdoleudwhg ydoxh

q
C
77ERC� '

�C

��c|f

gC

|f

+:15;,

Ri frxuvh/ q
C
77ERC� ghyldwhv iurp q

�
77ER� �1 Jlyhq wklv fdoleudwhg ydoxh ri q

C
77ERC�/

wkh fdoleudwlrq ri wkh jryhuqphqwdo FHV0ixqfwlrqv surfhhgv dv iru wkh sulydwh sur0

gxfhuv1

:1916 Oderu ghpdqg/ oderu vxsso|/ pd{lpxp zrunlqj wlph dqg xqghuhpsor|phqw

Wkh xqlwv ri phdvxuhphqwv duh gh�qhg vxfk wkdw edvh |hdu xqlw zdjh frvwv/ E� n

|@
|f
�`

|f
/ duh qrupdol}hg wr rqh1 Wklv lpsolhv wkdw hpsor|phqw lv phdvxuhg lq xqlwv ri

wkh edvh |hdu*v xqlw zdjh frvwv1 Dffruglqjo|/ wrwdo edvh |hdu hpsor|phqw/ u
|f
' ur

|f
/

lv gh�qhg dv wkh edvh |hdu zdjh vxp lq eloolrqv ri Gnu1

Wkh djjuhjdwh oderu vxsso|/ ur
|

/ lv gh�qhg dv wkh surgxfw ri wkh lqglylgxdo +lghqwlfdo,

oderu vxssolhv/ �
|

/ dqg wkh qxpehu ri lqglylgxdov ehorqjlqj wr wkh oderu irufh/ �`

|

/ fi1

+819,1 Dv oderu vxsso| htxdov ghpdqg/ lqglylgxdo hpsor|phqw lv rewdlqhg iurp wklv

dv wkh vlpsoh dyhudjh

�
|f
'

ur
|f

�`

|f

+:15<,

Lqvhuwlqj lq wkh oderu vxsso| ixqfwlrq +7159,/ uhshdwhg khuh
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+:163,

wkh vfdoh sdudphwhu ri wklv ixqfwlrq/ �
�
/ fdq eh irxqg dv
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+:164,

fi1 wdeoh :15/ iru jlyhq ydoxhv ri wkh edvh |hdu gdwd dqg wkh oderu vxsso| hodvwlflw|/

� ' f��/ fi1 wdeoh :141 Wkh djjuhjdwh udwh ri xqhpsor|phqw lv gh�qhg dv

L
|f
'

�� �
|f

�

�`

|f

�`

|f

+:165,
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iurp zklfk wkh pd{lpxp zrunlqj wlph phdvxuhg lq wkh edvh |hdu*v xqlw zdjh frvwv/

�/ lv lqihuuhg dv

� '
�
|f

�� L
|f

+:166,

Wdeho :15 vkrzv wkdw � '3153<799 zdjh frvwv xqlwv ri wkh edvh |hdu1 Wklv lv ehfdxvh

�
|f
' 314;:7:5 ploolrq Gnu1 phdvxuhg lq wkh zdjh frvwv xqlwv ri wkh edvh |hdu +@4,

dqg L
|f
'314381

:1: Vroxwlrq ri wkh frpsxwhu0yhuvlrq ri wkh prgho

Wkh frpsxwhu surjudp ri wkh prgho lv frghg lq wkh JDPV odqjxdjh +Eurrnh/ Nhqgulfn

dqg Phhudxv> 4<;;,1 JDPV doorzv wkh xvhu wr fdoo d qxpehu ri gl�huhqw vroxwlrq dojr0

ulwkpv iru wkh qxphulfdo vlpxodwlrq1 Wkh suhvhqw prgho lv vroyhg xvlqj wkh FRQRSW5

vroyhu1 Vhh Guxg +4<;8/ 4<<:,1

Wkh prgho lv vroyhg lq wkh iroorzlqj zd|1 Iluvw/ d vwdwlrqdu| vwdwh yhuvlrq lv vroyhg1

Wkh vwdwlrqdu| vwdwh yhuvlrq lv rewdlqhg e| vlpso| ghohwlqj doo uhihuhqfh wr wlph lq

wkh g|qdplf prgho1 Wkhq wkh g|qdplf prgho lv vroyhg/ xvlqj wkh vwdwlrqdu| vwdwh

vroxwlrqv dv whuplqdo frqglwlrqv iru wkh yduldeohv @
�c|

/ T
|

/ b
�|
dqg b

2|
1 Iru wkhvh ydul0

deohv wkh prgho lv vroyhg iru | ' fc �c 2c ���c A / exw iru wkh uhpdlqlqj yduldeohv wkh

prgho lv rqo| vroyhg iru | ' �c 2c ���c Aczkhuh A lv d qxpehu odujh hqrxjk wr doorz wkh

prgho wr uhdfk wkh qhz vwdwlrqdu| vwdwh1 Li doo suhghwhuplqhg yduldeohv duh dvvljqhg

wkhlu vwdwlrqdu| vwdwh ydoxhv/ wkh g|qdplf prgho zloo eh lq wkh vwdwlrqdu| vwdwh iru doo

shulrgv1 Wkh g|qdplf prgho lv vroyhg e| vwdfnlqj wkh htxdwlrqv iru doo shulrgv/ vr d

vlpxodwlrq zlwk wkh g|qdplf prgho iru A shulrgv urxjko| jlyhv A wlphv wkh qxpehu

ri htxdwlrqv dv lq wkh vwdwlrqdu| vwdwh yhuvlrq ri wkh prgho1

Lw lv dq reylrxv fkrlfh wr �{ wkh lpsruw sulfh lq Gnu1 lqfoxvlyh fxvwrp dqg lpsruw

gxwlhv dv h{rjhqrxvo|1 Lw lv frqyhqlhqw wkdw lw dovr rshudwhv dv d qxphudluh1 Gxh wr

Zdoudv* odz/ lw lv qhfhvvdu| wr �{ rqh devroxwh sulfh dv d qxphudluh1 Wkh fkrlfh kdv

qr lpsolfdwlrqv iru wkh vroxwlrq dv wkh prgho lv rqo| deoh wr ghwhuplqh uhodwlyh sulfhv1

Dv phqwlrqhg lq vhfwlrq 614/ wkh surjudpplqj ri wkh prgho hqdeohv wkh prgho0xvhu

wr vshfli| wkh qxpehu ri jhqhudwlrqv lq wkh prgho dqg wkhuhe| wkh ohqjwk ri shulrgv

lq wkh g|qdplf prgho1 Wkh frvw ri vshfli|lqj d vkruw shulrg/ l1h1 d kljk iuhtxhqf| ri

|c lv wkdw wkh qxpehu ri shulrgv ehiruh wkh prgho frqyhujhv wr wkh vwdwlrqdu| vwdwh
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lqfuhdvh dffruglqjo|1 Wkh frpsxwdwlrqdo exughq lv/ dv h{sodlqhg deryh/ lqfuhdvlqj

sursruwlrqdoo| zlwk wkh qxpehu ri shulrgv1 Iru frqyhqlhqfh wkh prgho lv wkhuhiruh

fdoleudwhg wr | kdylqj d iuhtxhqf| ri 8 |hduv1 Lw vkrxog eh uhphlqghg wkdw frpsduhg wr

| kdylqj dq dqqxdo iuhtxhqf| wklv fkdqjhv wkh uhodwlyh vl}h ri vwrfn dqg  rz yduldeohv

dv d vwrfn yduldeoh vwloo uhsuhvhqwv dq lwhp dw d fhuwdlq srlqw lq wlph +hqg ri wkh

shulrg,/ zkhuhdv wkh  rz yduldeoh qrz uhsuhvhqwv d  rz ehlqj 8 wlphv odujhu1 Dovr/

lqwhuhvw dqg glvfrxqw udwhv vkrxog eh lq dwhg dffruglqjo|1



Fkdswhu ;

G\QDPLF HIIHFWV RI SROLF\ H[SHULPHQWV

Lq wklv vhfwlrq zh shuirup [ h{shulphqwv lq rughu wr uhyhdo krz gl�huhqw sduwv ri

wkh prgho uhdfw wr fkdqjhv lq srolf| yduldeohv1 Wkh �uvw \ ri wkh h{shulphqwv irfxv

rq wkh lpsdfwv ri fkdqjhv lq ydulrxv wd{ udwhv lq xhqflqj wkh ehkdylru ri krxvhkrogv

dqg �upv lq gl�huhqw zd|v1 Wzr ri wkh h{shulphqwv frqvlvw ri d uhgxfwlrq lq wkh

dyhudjh shqvlrqhu djh dqg d uhgxfwlrq ri ihuwlolw|1 Ilqdoo|/ wkh odvw wzr h{shulphqwv

looxvwudwh wkh h�hfwv ri dq lqfuhdvh lq wkh sxeolf h{shqglwxuh dqg ri dq lqfuhdvh lq wkh

djh ghshqghqw wudqvihuv1

Doo h{shulphqwv duh frqgxfwhg dv xqiruhvhhq fkdqjhv lpsohphqwhg dw wkh ehjlqqlqj

ri shulrg 4 +wkh hqg0ri0shulrg gdwlqj uxoh lv ghvfulehg lq vhfwlrq 417,1 Iru shulrg

| ' f wkh yduldeohv dvvxph wkhlu ydoxh lq wkh vwhdg| vwdwh edvholqh1 Fruuhvsrqglqjo|

suhghwhuplqhg vwrfn yduldeohv iru | ' f +xowlpr shulrg 3, duh qrw dowhuhg e| wkh

vkrfnv/ zkloh iruzdug0orrnlqj yduldeohv vxfk dv �up ydoxh fdq mxps dw shulrg }hur1

Lw vkrxog eh vwuhvvhg wkdw wkh sxeolf vhfwru exgjhw lv edodqfhg lq hdfk shulrg yld wkh

oxps vxp wudqvihuv wr krxvhkrogv/ vr wkdw iru h{dpsoh wd{ udwh fxwv duh frxqwhudfwhg

e| lqfuhdvhg oxps vxp wd{hv +ghfuhdvhg oxps vxp wudqvihuv, ri krxvhkrogv1

Iru hdfk h{shulphqw d  rz fkduw 0 wkdw lqglfdwhv wkh pdlq fkdqqhov wkurxjk zklfk wkh

srolf| fkdqjh lq txhvwlrq d�hfwv wkh g|qdplfv ri wkh pdfurhfrqrplf htxloleulxp 0 zloo

eh suhvhqwhg1 Ixuwkhu 45 vwdqgdug �jxuh vhwv +zlwk d yduldeoh qxpehu ri gldjudpv

lq hdfk vhw, duh surgxfhg iurp wkh dxwrpdwlf uhsruwlqj surjudp iru hdfk ri wkh

h{shulphqwv1 Wkh 45 vwdqgdug �jxuh vhwv frqvlvwv ri gldjudpv vkrzlqj yduldeohv lq

wkh iroorzlqj fdwhjrulhv

41 Rxwsxw

51 Ydoxh0dgghg dqg idfwru0lqwhqvlwlhv

61 Oderu lqsxw dqg zdjh
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71 Fdslwdo vwrfn dqg lqyhvwphqwv

81 Lqsxw ri pdwhuldov

91 Frqvxpswlrq yduldeohv

:1 Iruhljq wudgh yduldeohv

;1 Vdylqjv dqg dvvhwv

<1 Ghfrpsrvlwlrq ri �up yduldeohv

431 Ghfrpsrvlwlrq ri uhdo kxpdq fdslwdo

441 Ghfrpsrvlwlrq ri wd{ uhyhqxhv

451 Sulfhv

Wkhvh gldjudpv vkrz wkh txdqwlwdwlyh h�hfwv ri wkh h{shulphqwv wkurxjk wlph1 Wkhuh

duh wkuhh nlqgv ri gldjudpv1 Wkh �uvw w|sh glvsod|v iru wkh yduldeoh lq txhvwlrq/

wkh yduldeoh*v ydoxh lq wkh frxqwhuidfwxdo glylghg e| wkh ydoxh lq wkh edvholqh wlphv

43341 Wkh vhfrqg w|sh ri gldjudpv ghfrpsrvh wklv lqgh{ ydoxh vkrzlqj wkh pdlq

frqwulexwlrqv wr wkh uhvxow/ dqg wkh wklug rxwolqhv wkh h�hfwv rq gl�huhqw jhqhudwlrqv1

Zkhq wkh {0d{lv phdvxuhv wlph/ hdfk xqlw uhsuhvhqwv 80|hdu shulrgv dv wkh prgho

lv vroyhg iru 80|hdu shulrgv1 Fruuhvsrqglqjo|/ zkhq wkh {0d{lv phdvxuhv djh/ hdfk

xqlw uhsuhvhqwv 80|hdu djh lqwhuydov1 Lq wkh sorwv zkhuh wkh {0d{lv phdvxuhv wlph/ wkh

vwhdg| vwdwh vroxwlrq lv lqglfdwhg e| dq �0�1
Dffruglqj wr uhohydqfh rqo| d vhohfwlrq ri gldjudpv +ydu|lqj dfurvv h{shulphqwv, iurp

wkh wrwdo �jxuh vhw zloo eh vkrzq lq frqqhfwlrq zlwk wkh dqdo|vlv ri wkh h{shulphqwv1

Wkh lqwhusuhwdwlrq ri wkh gldjudpv zloo eh h{sodlqhg lq ghwdlo xqghu wkh glvfxvvlrq ri

wkh �uvw h{shulphqw1

;14 Oderu lqfrph wd{ udwh uhgxfhg e| 8 shufhqwdjh srlqwv

Wkh h{shulphqw frqvlvwv ri d uhgxfwlrq lq wkh +pdujlqdo, wd{ udwh rq zdjh lqfrph

e| 8 shufhqwdjh srlqwv1 Wkh uhgxfwlrq lv �qdqfhg wkurxjk d ghfuhdvh lq wkh oxps

4Dq h{fhswlrq lv wkh suhvhqw ydoxh ri xwlolw| zklfk lv d qhjdwlyh qxpehu/ l1h1 d qxphulfdo ghfolqh
pdunv dq lpsuryhphqw1 Iru xwlolw| lv wkhuhiruh vkrzq 433 wlphv wkh edvholqh ydoxh glylghg e| wkh
frxqwhuidfwxdo ydoxh/ ehfdxvh fkdqjhv lq wklv lqgh{ uh hfwv fkdqjhv lq xwlolw| surshuo|1
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vxp wudqvihu wr krxvhkrogv iurp wkh jryhuqphqw1 Zdjh lqfrph lv khuh gh�qhg vroho|

dv lqfrph iurp hpsor|phqw1 Vlqfh shqvlrqv dqg rwkhu djh0vshfl�f wd{deoh wudqvihuv

duh lqgh{hg wr wkh suh0wd{ zdjh udwh +qhw ri oderu pdunhw frqwulexwlrqv, wkh| gr qrw

ehqh�w iurp wkh zdjh wd{ fxw1 Wkxv wkh srolf| lpsolhv d vkliw lq wkh wd{ exughq iurp

wkh jhqhudwlrqv zkr duh dfwlyh lq wkh oderu irufh 0 l1h1 jhqhudwlrqv ehwzhhq 4; dqg 93

|hduv ri djh 0 wr wkh shqvlrqhuv1

Wkhuh duh wzr pdlq fkdqqhov wkurxjk zklfk wkh uhgxfwlrq lq wkh oderu lqfrph wd{ udwh

d�hfwv wkh hfrqrp|1 Iluvw/ wkh uhgxfwlrq lq wkh pdujlqdo wd{ udwh lpsolhv d shupdqhqw

rxwzdug vkliw lq wkh oderu vxsso| fxuyh1 Wklv jhqhudwhv dq lqfuhdvh lq wkh pdujlqdo

surgxfw ri fdslwdo zklfk ohdgv wr lqfuhdvhg lqyhvwphqwv dqg judgxdoo| lqfuhdvhg fds0

lwdo vwrfn1 Vhfrqg/ wkh idfw wkdw wkh h{shulphqw idyruv wkh |rxqjhu jhqhudwlrqv zkr

duh lq wkh oderu irufh dw wkh h{shqvh ri wkh hoghu jhqhudwlrqv/ d�hfwv wkh olih f|foh

ehkdylru ri wkh djhqwv1 Wkhuh duh wzr h�hfwv wkdw frxqwhudfwv rqh dqrwkhu= \rxqj

djhqwv lqfuhdvh wkhlu surshqvlw| wr vdyh vr wkdw wkh| duh deoh wr vprrwk frqvxpswlrq

ryhu wkh olih f|foh dqg vhfrqg wkh uhgxfwlrq lq wkh pdujlqdo wd{ udwh lpsolhv wkdw wkh

dfwlylw| lq wkh hfrqrp| lv lqfuhdvhg zklfk dggv wr wkh ydoxh ri �upv dqg judgxdoo|

dovr wr wkh ohyho ri kxpdq fdslwdo lq wkh hfrqrp|1 Wkh wzr odwwhu h�hfwv whqg wr

lqfuhdvh frqvxpswlrq zkhuhdv wkh iruphu whqgv wr uhgxfh frqvxpswlrq1 Wkh uhvxow

ri wkh vlpxodwlrq uhyhdov wkdw lq wkh �uvw shulrg wkh qhw h�hfw rq frqvxpswlrq lv

sudfwlfdoo| }hur/ zkhuhdv wkh h{sdqvlyh h�hfwv grplqdwhv lq doo iroorzlqj shulrgv1

Lw lv qrw wrr vxusulvlqj wkdw uhgxflqj wkh glvwruwlrqdu| wd{ rq oderu vxsso| dqg uhsodf0

lqj lw zlwk d qrq0glvwruwlrqdu| oxps vxp wd{ ohdgv wr dq h{sdqvlrq ri wkh hfrqrp|1

Krzhyhu/ wkh vlpxodwlrq uhyhdov wkdw wklv grhv qrw ohdg wr d Sduhwr lpsuryhphqw/ dv

wkh jhqhudwlrqv/ zkr duh lq wkh odvw kdoi ri wkhlu olih f|foh zkhq wkh srolf| vkrfn klwv

wkh hfrqrp|/ zloo h{shulhqfh d ghwhulrudwlrq ri wkhlu xwlolw|1 Rq wkh rwkhu kdqg |rxqj

jhqhudwlrqv fxuuhqwo| dolyh dqg doo ixwxuh jhqhudwlrqv zloo jdlq iurp wkh uhgxfwlrq lq

wkh pdujlqdo wd{ udwh rq oderu lqfrph1
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,QLWLDO�

VWDWLRQDU\�

VWDWH

��

\HDUV

���

\HDUV

���

\HDUV

���

\HDUV

1HZ�

VWDWLRQDU\�

VWDWH

5HDO�SULYDWH�FRQVXPSWLRQ 416 423 428 435 439 439

(1.5) (2.7) (4.5) (5.4) (5.5)

5HDO�*'3��DW�IDFWRU�SULFHV� 830 834 839 848 852 853

(0.6) (1.2) (2.2) (2.7) (2.8)

(PSOR\PHQW��LQGH[ 100.0 103.1 103.2 103.3 103.3 103.3

(3.1) (3.2) (3.3) (3.3) (3.3)

&DSLWDO�VWRFN 2755 2811 2827 2837 2840 2840

(2.0) (2.6) (3.0) (3.1) (3.1)

5HDO�YDOXH�RI�ILUPV 1380 1420 1422 1423 1423 1423

(2.9) (3.0) (3.1) (3.1) (3.1)

)RUHLJQ�DVVHWV -266 -231 -194 -126 -93 -86

1RWH��7KH�QXPEHUV�LQ�SDUDQWKHVHV�DUH�WKH�SHUFHQWDJH�FKDQJH�FRPSDUHG�WR�WKH�LQLWLDO�VWDWLRQDU\�VWDWH

Wdeoh ;141 G|qdplf dgmxvwphqw lq wkh oderu lqfrph wd{ h{shulphqw

Wdeoh 4 vkrzv wkh g|qdplf hyroxwlrq ri wkh pdlq pdfurhfrqrplf yduldeohv1 Wkh vshhg

ri dgmxvwphqw gl�huv vljql�fdqwo| ehwzhhq surgxfwlrq yduldeohv dqg frqvxpswlrq1

99

100

101

102

103

104

0 5 10 15 20 25 30 35 40 45 50

,

Q

G

H

[

Iljxuh 59 |` � f�fD/ Jurvv rxwsxw lq sulydwh vhfwru

H1 j1 :8 shufhqw ri wkh dgmxvwphqw lq sulydwh jurvv surgxfwlrq lv uhdfkhg diwhu 8

shulrgv +58 |hduv,/ +vhh �jxuh 59, zkloh wkh vdph ohyho ri dgdswdwlrq wdnhv 54 shulrgv

+438 |hduv, iru wkh sulydwh frqvxpswlrq +vhh �jxuh 5:,1
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Iljxuh 5: |` � f�fD/ Sulydwh frqvxpswlrq

Reduced taxation of 
income from labor 

Human capital 
Î 

Propensity 
to save Î Labor supply Î 

Marginal product 
of capital Î 

Investment Î 

Wealth Î 

Consumption  
gradually Î 

Wage rate Î 

Capital stock Î 

Marginal product 
of labor Î 

Value of firm Î 

Steady State Effect 

Impact Effect 

Labor 
demand Î 

Wage rate Ï 

Employment Î 

Iljxuh 5; H�hfwv ri d uhgxfwlrq lq oderu wd{dwlrq
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Wkxv wkh yhu| vorz wudqvlwlrq surfhvv lv �uvw ri doo gxh wr wkh orqj ryhuodsv ri jhqhud0

wlrqv/ udwkhu wkdq wr wkh judgxdo dgmxvwphqw surfhvv ri �upv1 Exw dovr wkh dgmxvwphqw

ri sulfhv wkurxjk iruhljq wudgh dqg wkh frqyh{ lqvwdoodwlrq frvwv lq wkh sulydwh sur0

gxfwlrq duh lpsruwdqw frqwulexwruv wr surorqjdwlrq ri wkh wudqvlwlrq surfhvv1 Wklv

vxemhfw lv h{soruhg ixuwkhu lq vhqvlwlylw| dqdo|vhv lq vhfwlrq [[[1

Wkh phfkdqlvpv wkdw jhqhudwhv erwk wkh lqlwldo h�hfwv dqg wkh g|qdplf wudqvlwlrq ri

wkh hfrqrp| duh looxvwudwhg lq �jxuh 5;1 Dv douhdg| qrwhg wkhuh duh wzr pdlq gluhfw

h�hfwv= D vxsso| vlgh h�hfw wkurxjk wkh lqfuhdvh lq wkh oderu vxsso| dqg d ghpdqg

vlgh h�hfw zrunlqj wkurxjk wkh iruzdug0orrnlqj ehkdylru ri wkh djhqwv zklfk lpsolhv

wkdw qrq0suhghwhuplqhg vwrfn yduldeohv dgmxvw dw wkh prphqw zkhq wkh lqirupdwlrq

derxw wkh vkrfn lv uhyhdohg wr wkh djhqwv1 Wkh uhohydqw iruzdug0orrnlqj vwrfn yduldeohv

lq wklv fdvh duh wkh ydoxh ri �upv dqg wkh vwrfn ri kxpdq fdslwdo1

Zh ghvfuleh wkh h�hfwv lq ghwdlo ehorz1

;1414 Vxsso| vlgh h�hfwv

Lq wklv vhfwlrq zh irfxv xsrq wkh uljkw kdqg vlgh ri wkh  rz gldjudp 5;/ zklfk

uhsuhvhqwv wkh vxsso| vlgh h�hfwv ri wkh srolf| h{shulphqw1 Wklv lv glylghg lqwr wkh

lqlwldo h�hfw rq wkh oderu vxsso| dqg wkh vxevhtxhqw g|qdplf h�hfw rq wkh fdslwdo

vwrfn1

Lqlwldo oderu vxsso|

D uhgxfwlrq lq wkh pdujlqdo zdjh wd{ udwh lqfuhdvhv wkh pdujlqdo zdjh udwh diwhu wd{1

Dw wkh lqlwldo zdjh udwh/ wklv lpsolhv wkdw hdfk lqglylgxdo zloo vxsso| pruh oderu/ vlqfh

lq rswlpxp wkh pdujlqdo glvxwlolw| ri zrun pxvw eh htxdo wr wkh pdujlqdo ehqh�w iurp

zrun1 Uhfdoo wkdw wkh oderu vxsso| lv jlyhq dv

�
|

�
#
d`

|

� A�

|

E`
|

�o� �
K
|

� A K

|

EK
|

�
�

�
�
�
|

$
�

Wkh lqlwldo h�hfw rq wkh oderu vxsso| fdq eh fdofxodwhg e| lqvhuwlqj wkh dfwxdo qxpehuv

lq wkh h{suhvvlrq/ dovr xvlqj wkh ehqh�w lqgh{dwlrq uxoh +K
|

' )K`
|

�
�� |�

|

�
/ vhh sdjh

93, dqg �{lqj wkh zdjh udwh dqg wkh frqvxphu sulfh lqgh{ dw wkhlu lqlwldo ohyhov1

Qrupdol}lqj wkh zdjh udwh wr 4/ wkh qxphudwru sulru wr wkh wd{ fxw dprxqwv wr5

E�� f�e2.�� f�SHf� E�� f�fS�� E�� f��fS� * f��2be

5Frqihu wkh fdoleudwlrq fkdswhu iru dq ryhuylhz ri wkh wd{ dqg lqgh{dwlrq sdudphwhuv1
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Wkh wd{ fxw fkdqjhv wkh qxphudwru wr

E�� f��..�� f�SHf� E�� f�fS�� E�� f��fS� * f��.be

Dv wkh ghqrplqdwru lv qrw gluhfwo| d�hfwhg e| wkh zdjh wd{ fxw/ wkh gluhfw lqlwldo

h�hfw lv wkhuhiruh dq lqfuhdvh lq wkh pdujlqdo uhzdug ri zrunlqj e| f��.be3f��2be

f��2be
* �b

shufhqw1 Wklv gluhfwo| h{sdqgv wkh oderu vxsso| e| 616 shufhqw dv wkh oderu vxsso|

hodvwlflw|/ �/ lv htxdo wr 3141 Lq vxp/ ghfuhdvlqj wkh pdujlqdo zdjh wd{ udwh lq d

vwdqgdug frpshwlwlyh oderu pdunhw zlwk dq xszdug vorslqj oderu vxsso| vfkhgxoh

lqlwldoo| vkliwv wkh oderu vxsso| fxuyh rxwzdugv +wr wkh uljkw,1 Wklv lv wkh h�hfw zklfk

lqlwldwhv wkh uljkw kdqg vlgh ri wkh  rzfkduw lq �jxuh 5;1

Fdslwdo dffxpxodwlrq

Dv phqwlrqhg wkh lpsdfw h�hfw ri wkh shupdqhqw rxwzdug vkliw lq wkh oderu vxsso|

vfkhgxoh lv wkdw hpsor|phqw ulvh dqg wkh zdjh udwh lv uhgxfhg1 Wkh uhvxowlqj lqfuhdvh

lq hpsor|phqw lqfuhdvhv wkh pdujlqdo surgxfw ri fdslwdo dqg wkhuhe| wkh vkdgrz

sulfh ri fdslwdo gh dwhg e| wkh sulfh lqgh{ iru sulydwh lqyhvwphqwv1 Wklv vwlpxodwhv

lqyhvwphqwv dqg wkh fdslwdo vwrfn judgxdoo| lqfuhdvhv1 Wkh pdujlqdo surgxfw ri oderu

lv wkhq udlvhg dqg wkh ghpdqg iru oderu olnhzlvh1 Wklv ihhgv edfn rq wkh hpsor|phqw

dqg dovr fdxvhv wkh zdjh udwh wr lqfuhdvh djdlq1 Wklv h{sodlqv wkh g|qdplf dgmxvwphqw

vkrzq lq wkh uljkw kdqg vlgh ri �jxuh 5;1 Wr ehjlq zlwk/ zh orrn dw wkh sulydwh vhfwru1

Wr vhh wkh uhodwlyh h�hfwv ri wkh gl�huhqw frpsrqhqwv lq wkh lqyhvwphqw ghflvlrq

frqvlghu wkh �uvw rughu frqglwlrq zlwk uhvshfw wr sulydwh lqyhvwphqwv1 Iru frqyhqlhqfh

wkh htxdwlrq lv uhshdwhg ehorz

�� |_
|

�� |}
|

�
�� } n E�� |S

|

�
R�
|

R�U
|

Yx�

YU�
EU�

|

cg�

|3�
�

�
'

b�|
R�U
|

n b2|

Dowkrxjk wkh h�hfw khuh lv udwkhu vlpsoh zh suhvhqw wkh �jxuhv zklfk ghfrpsrvh wkh

h�hfw rq wkh lqyhvwphqw ehkdylru lq wkh iroorzlqj1 Wkh ohiw kdqg vlgh ri wkh �uvw rughu

frqglwlrq iru lqyhvwphqwv +deryh, lv ghfrpsrvhg lq �jxuh 5<1

Wkh ohiw kdqg vlgh ri wkh htxdwlrq phdvxuhv wkh pdujlqdo frvwv ri lqyhvwphqwv1 Wkhvh

pdujlqdo frvwv duh ghfrpsrvhg lqwr wzr frpsrqhqwv wkdw duh gh�qhg dv iroorzv1

Gluhfw pdujlqdo frvwv ri lqyhvwphqwv G
�� |_

|

�� |}
|

E�� }�
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Total  marginal costs
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Direct marginal costs
of investments

Marginal installation
costs of investments

Iljxuh 5< |` � f�fD/ Wrwdo pdujlqdo frvwv ri lqyhvwphqwv/ ghfrpsrvhg

Pdujlqdo lqvwdoodwlrq frvwv ri lqyhvwphqwv G
�� |_

|

�� |}
|

�
E�� |S

|

�
R�
|

R�U

|

Yx�

YU�
EU�

|

c g�

|3�
�

�

Wkh judsk glvsod|v wkh lqgh{ ydoxh ri wkh wrwdo frvwv +433 wlphv h{shulphqw2edvholqh,

dqg iru wkh wzr lwhpv deryh wkhlu frqwulexwlrq wr wklv lqgh{/ l1h1 wkh ydoxh wkh lqgh{

zrxog kdyh vkrzq li wkh rwkhu lwhpv glg qrw fkdqjh1 Rqh revhuyhv wkdw wkh gluhfw

pdujlqdo frvwv ri lqyhvwphqw grhv qrw fkdqjh lq wkh suhvhqw h{shulphqw dqg wkhuhiruh

wkh hqwluh h�hfw rq wkh pdujlqdo frvw ri lqyhvwphqwv lv gxh wr wkh h�hfw iurp wkh

pdujlqdo lqvwdoodwlrq frvwv/ zklfk lpsolhv wkdw wkh fxuyh uhsuhvhqwlqj wkhvh frvwv dqg

wkh fxuyh uhsuhvhqwlqj wrwdo frvwv frlqflgh1 Wkxv wkh pdujlqdo frvwv ri lqyhvwphqwv

lqfuhdvh dw �uvw gxh wr lqfuhdvhg lqyhvwphqwv1 Dv fdslwdo lv dffxpxodwhg pdujlqdo

lqvwdoodwlrq frvwv vwduw wr glplqlvk/ dqg lqyhvwphqwv zloo ulvh hyhq ixuwkhu 0 vhh dovr

�jxuh 631

Wkh idfw wkdw wkh sulydwh fdslwdo vwrfn grhv qrw mxps wr d kljkhu ohyho iurp wkh

ehjlqqlqj 0 olnh wkh hpsor|phqw6 lv gxh wr wkh suhvhqfh ri frqyh{ lqvwdoodwlrq frvwv/

6Deryh <3 shufhqw ri wkh dgmxvwphqw lq wkh hpsor|phqw wdnhv sodfh lq wkh �uvw shulrg iroorzlqj
wkh wd{ fxw/ zkhuhdv wkh vdph ohyho ri dgmxvwphqw iru wkh sulydwh fdslwdo vwrfn lv �uvw uhdfkhg diwhu
45046 shulrgv1 Wkh sulydwh lqyhvwphqwv wdnhv doprvw ;3 shufhqw ri wkh dgmxvwphqw lq wkh �uvw shulrg/
exw wklv lv qrw hyhq forvho| vx!flhqw wr pdnh wkh fdslwdo vwrfn iroorz wkh ghyhorsphqw lq hpsor|phqw/
ehfdxvh ri wkh ghsuhfldwlrq ri sk|vlfdo fdslwdo dw wkh udwh ri derxw 5< shufhqw hyhu| shulrg1
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Iljxuh 63 |` � f�fD/ Sulydwh jurvv lqyhvwphqwv

zklfk fdxvhv �upv wr vprrwk wkh lqyhvwphqwv ryhu d orqjhu shulrg1 Zlwkrxw wkh

frqyh{lw| ri lqvwdoodwlrq frvwv +l1h1  ' f,/ sulydwh lqyhvwphqwv zrxog lqlwldoo| mxps wr

vdwlvi| wkh qhhg iru fdslwdo dqg wkhq diwhuzdugv idoo edfn wr d orzhu ohyho +ryhuvkrrwlqj,

0 krzhyhu vwloo deryh edvholqh wr vxvwdlq wkh kljkhu ohyho ri fdslwdo1

Vlploduo| wkh uljkw kdqg vlgh ri wkh �uvw rughu frqglwlrq/ zklfk phdvxuhv wkh pdujlqdo

ehqh�wv ri lqyhvwphqw lv ghfrpsrvhg lqwr �jxuh 64 dqg 651 Wkh ehqh�wv frqvlvwv ri wkh

vkdgrz sulfh ri fdslwdo gh dwhg e| wkh sulfh lqgh{ iru sulydwh lqyhvwphqwv +Wrelq*v

^, dqg lq wkh vkdgrz sulfh ri wkh errn ydoxh ri fdslwdo1

Iljxuh 64 vkrzv wkdw wkhuh lv dq lqvwdqwdqhrxv lqfuhdvh lq Wrelq*v ^/ zkhuhdv �jxuh

65 vkrzv qr h�hfw rq wkh vkdgrz sulfh ri wkh errn ydoxh ri fdslwdo1 Wkh vkdgrz sulfh

ri pdujlqdo errn fdslwdo/ b2|/ ghshqgv rqo| rq wkh udwh ri lqwhuhvw +qhw ri wd{, dqg

wd{ sdudphwhuv dssolhg gluhfwo| wr �upv/ dqg lv wkhuhiruh xqd�hfwhg e| wkh zdjh wd{

fxw 0 vhh +5158, dw sdjh 5;1 Wkh qhw h�hfw rq wkh pdujlqdo jdlq iurp lqyhvwphqwv

lv wkhuhiruh htxdo wr wkh srvlwlyh h�hfw iurp wkh lqfuhdvh lq Wrelq*v t1 Wklv srvlwlyh

h�hfw iroorzv iurp wkh lqlwldo lqfuhdvh lq hpsor|phqw zklfk lpsolhv dq lqfuhdvh lq

wkh pdujlqdo surgxfw ri fdslwdo1 Iurp wkh �uvw rughu frqglwlrq +5153, wkh fkdqjh rq

lpsdfw lq wkh vkdgrz sulfh ri fdslwdo lv vhhq wr eh srvlwlyho| fruuhodwhg wr wkh pdujlqdo

surgxfw ri fdslwdo1 Wkh �uvw rughu frqglwlrq ri lqyhvwphqwv uhshdwhg deryh lpsolhv

wkdw lqyhvwphqwv duh vwlpxodwhg xqwlo wkh pdujlqdo lqvwdoodwlrq frvwv ri lqyhvwphqwv
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Iljxuh 64 |` � f�fD/ Vkdgrz sulfh ri pdujlqdo fdslwdo
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Iljxuh 65 |` � f�fD/ Vkdgrz sulfh ri pdujlqdo errn fdslwdo
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duh lqfuhdvhg dffruglqjo|/ fi1 �jxuh 63/ dqg judgxdoo| wkh fdslwdo vwrfn dovr jurzv/ dv

vkrzq lq �jxuh 661
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Iljxuh 66 |` � f�fD/ Fdslwdo vwrfn lq sulydwh vhfwru

Wkh frpelqdwlrq ri �jxuh 5< dqg �jxuh 65 vkrzv wkdw lqlwldoo| erwk wkh pdujlqdo

frvwv dqg ehqh�wv ri lqyhvwphqwv lqfuhdvh/ exw lq wkh orqj uxq wkh| idoo edfn mxvw

ehorz wkh edvholqh ohyhov7/ dv wkh fdslwdo vwrfn kdv dgdswhg wr wkh qhz dqg kljkhu

vwdwlrqdu| vwdwh ohyho1

Lq wkh vwdwlrqdu| vwdwh wkh pdujlqdo surgxfw ri fdslwdo lv rqo| d�hfwhg e| wkh lqfrph

wd{ fkdqjhv wkurxjk wkh sulfh udwlr R

�

R

�U

c vhh uhodwlrq +91<,1 Lq wkh fdvh zkhuh wkhuh

zdv qr h�hfw rq wkh sulfh udwlr wkh fdslwdo vwrfn zrxog lqfuhdvh rqo| dv d uhvxow ri wkh

h�hfw rq wkh pdujlqdo surgxfw ri fdslwdo iurp wkh lqfuhdvh lq wkh oderu vxsso|1 Lq wkh

suhvhqw fdvh zkhuh wkh whupv ri wudgh lv hqgrjhqrxv wkhuh lv dq dgglwlrqdo srvlwlyh

h�hfw rq wkh fdslwdo vwrfn iurp wkh uhgxfhg uhodwlyh sulfh ri wkh grphvwlf surgxfwlrq/

zklfk djdlq iroorzv iurp wkh lqfuhdvhg grphvwlf surgxfwlrq iroorzlqj wkh vkliw lq wkh

oderu vxsso| fxuyh1

Qrz wxuqlqj wr wkh lqyhvwphqwv lq wkh sxeolf vhfwru/ wkh dqdo|vlv ehfrphv vrphzkdw

vlpsohu1 Wklv lv gxh wr wkh dvvxpswlrq 0 pdgh lq fkdswhu 5 0 wkdw wkh sxeolf vhfwru

7Wkh �uvw rughu frqglwlrq lv vdwlv�hg dw doo wlphv/ dqg wkhuhiruh wkh wzr fxuyhv ghyhors lq wkh
vdph zd|1
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grhv qrw shuirup dq| lqwhuwhpsrudo rswlpl}dwlrq/ dqg lqvwhdg wlhv sxeolf +jurvv,

lqyhvwphqwv wr d frqvwdqw vkduh ri ryhudoo JGS81

Wkh lqlwldo h�hfw rq hpsor|phqw iurp wkh zdjh wd{ fxw lv vlpxowdqhrxvo| wudqvplwwhg

wr JGS exw vlqfh wkh rwkhu lqsxw idfwruv dgmxvwv pxfk vorzhu +hvshfldoo| wkh fdsl0

wdo vwrfn,/ wkh sxeolf vhfwru lqyhvwphqwv lqlwldoo| rqo| wdnh rq d txduwhu ri wkh wrwdo

dgmxvwphqw wr wkh vwdwlrqdu| vwdwh ohyho1 Wkxv wkh h{rjhqrxv qdwxuh ri wkh jryhuq0

phqwdo lqyhvwphqwv surorqjv wkh dffrpprgdwlrq lq frpsdulvrq wr wkh sulydwh vhfwru

dgmxvwphqw 0 vhh �jxuh 67

99

100

101

102

103

104

0 5 10 15 20 25 30 35 40 45 50

,

Q

G

H

[

Iljxuh 67 |` � f�fD/ Sxeolf jurvv lqyhvwphqwv

;1415 Ghpdqg vlgh h�hfwv

Wkh ghpdqg vlgh h�hfwv duh lqlwldwhg e| wkh vkliw lq wkh ydoxh ri �upv dqg lq wkh

ydoxh ri kxpdq fdslwdo lq wkh hfrqrp|1 Ehiruh frqfhqwudwlqj rq wkhvh h�hfw zh glvfxvv

wkh exgjhwdu| h�hfw ri wkh srolf|/ vlqfh wklv uhyhdov wkh olih f|foh lqfhqwlyhv ri wkh

h{shulphqw1

8Uhfdoo wkdw wkhuh duh qr lqvwdoodwlrq frvwv ri lqyhvwphqwv lq wkh jryhuqphqwdo surgxfwlrq/ vr
jurvv dqg qhw surgxfwlrq lv htxlydohqw lq wklv frqwh{w1
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Exgjhwdu| h�hfw ri wkh srolf|

Wkh uhgxfwlrq lq wkh wd{ udwh lpsolhv wkdw wkh ruglqdu| wd{ uhyhqxh/ |@%
|

/ wr wkh

sxeolf vhfwru lv uhgxfhg 0 sulpdulo| iurp wzr vrxufhv1 Iluvw/ wkh h�hfw wkurxjk uA
|

+wkh wd{0uhyhqxh iurp oderu lqfrph wd{ rq hpsor|hg, lv qhjdwlyh/ gluhfwo| gxh wr wkh

fxw rq wkh zdjh wd{ udwh lwvhoi/ dqg lqgluhfwo| gxh wr wkh orzhu htxloleulxp +suh0wd{,

zdjh udwh 0 fi1 �jxuh 681
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Iljxuh 68 |` � f�fD/ Zdjh udwh

Krzhyhu/ wkhuh lv dovr dq lqgluhfw dqg srvlwlyh h�hfw zrunlqj wkurxjkuA
|

/ zklfk dulvhv

iurp wkh srvlwlyh lqlwldo h�hfw rq hpsor|phqw wkdw fhwhulv sdulexv frqwulexwhv wr dq

lqfuhdvhg zdjh vxp dqg wkhuhe| kljkhu wd{hv1 Wkh odwwhu h�hfw lv glvwlqfwo| grplqdwhg

e| wkh wzr iruphu/ vr wkh wrwdo h�hfw lv qhjdwlyh1 Vhfrqgo|/ wkh h�hfw wkurxjk �A
|

+wkh wd{0uhyhqxh iurp oderu lqfrph wd{ rq xqhpsor|hg, lv dovr qhjdwlyh/ vlqfh wkh

lqlwldo h�hfw rq hpsor|phqw uhgxfhv wkh xqhpsor|phqw dqg vlqfh wkh orzhu +suh0wd{,

zdjh udwh fdxvhv wkh ehqh�w udwh wr idoo gxh wr wkh lqgh{dwlrq uxoh +718, 0 vhh sdjh

931 Erwk h�hfwv whqg wr orzhu wkh vxp ri ehqh�wv sdlg rxw/ dqg �qdoo| uhgxflqj wkh

froohfwhg wd{hv iurp wklv vrxufh1 Wkh h�hfw wkurxjk uA
|

lv derxw ; wlphv wkh vl}h ri

wkh h�hfw iurp �A
|

1

Jryhuqphqw vshqglqj uhdfwv wr wkh uhgxfwlrq lq wkh pdujlqdo wd{ udwh rq zdjh lqfrph

e| wkh phqwlrqhg uhgxfwlrq lq wkh vshqglqj rq xqhpsor|phqw ehqh�wv dqg wkurxjk
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dq lqfuhdvh lq wkh sxeolf frqvxpswlrq zklfk iroorzv iurp wkh lqfuhdvh lq wkh dfwlylw|

ri wkh sulydwh vhfwru 0 uhfdoo iurp fkdswhu 8/ vhfwlrq 6 wkdw jryhuqphqw frqvxpswlrq

lv lqgh{hg wr JGS1

Wkh qhw h�hfw ri wkh fkdqjhv lq jryhuqphqw uhyhqxh dqg vshqglqj lv d gh�flw wkdw

fdxvhv wkh oxps vxp wudqvihu wr wkh krxvhkrogv wr ghfuhdvh vr wkdw wkh exgjhw uhpdlqv

edodqfhg1 Uhfdoo wkdw wkh oxps vxp wudqvihu lv lghqwlfdo iru doo dgxowv1 Wkh qhw lqlwldo

h�hfw rq fxuuhqw glvsrvdeoh lqfrph ri wkh jhqhudwlrqv dolyh lv wkdw jhqhudwlrqv zkr

ehorqj wr wkh oderu irufh h{shulhqfh d srvlwlyh h�hfw/ zkhuhdv wkh fxuuhqw glvsrvdeoh

lqfrph ri hdfk shqvlrqhu ghfolqhv1 Wkh suhvhqw ydoxh ri ixwxuh glvsrvdeoh lqfrph

 rzv wkhuhiruh lqlwldoo| ghfolqhv iru shqvlrqhu jhqhudwlrqv1 Lw lqfuhdvhv lqlwldoo| iru

jhqhudwlrqv zkr duh |rxqj hqrxjk iru wkhlu uhpdlqlqj shulrgv lq wkh oderu irufh wr

jhqhudwh dgglwlrqdo glvsrvdeoh zdjh lqfrph vx!flhqw wr rxwzhljk wkhlu glvfrxqwhg

ixwxuh orvv dv shqvlrqhuv1 Wklv slfwxuh ri jdlqv dqg orvvhv lqlwldoo| vwlpxodwhv wkh

vdylqjv ri wkh |rxqjhu jhqhudwlrqv wr vprrwk frqvxpswlrq ryhu wkh olih f|foh1

Wr ghwhuplqh wkh h�hfw rq wkh ohyho ri frqvxpswlrq ri hdfk jhqhudwlrq zh qhhg wr

frqvlghu wkh h�hfw ri wkh srolf| rq wkh ixwxuh sulfhv dv zhoo dv wkh kxpdq dqg qrq

kxpdq zhdowk ri wkh frqvxphuv1 Uhfdoo wkdw frqvxpswlrq ri d jhqhudwlrq lv jlyhq dv

�
Kc|

' 17
K

�
� n o

|

E�� |o
|

�

� n w

#
K3�c|3�

�
|

�.8

K3�c|3�

�
7

@

K3�c|3�nMK3�c|3�

#

K3�c|3�
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Kc|

c �H � K � .H

zkhuh #
K3�c|3� lv wkh lqgh{ ri ixwxuh frqvxpswlrq sulfhv iru jhqhudwlrq K dqg @

K3�c|3�

lv wkh ohyho ri qrq0kxpdq zhdowk/ zkloh M
K3�c|3� lv wkh ohyho ri kxpdq fdslwdo1 ~

Kc|

lv

wkh glvxwlolw| ri zrun1

Erwk wkh kxpdq dqg wkh qrq0kxpdq fdslwdo duh iruzdug0orrnlqj +mxps, yduldeohv1

Qrq0kxpdq fdslwdo lv iruzdug0orrnlqj ehfdxvh lw lqfoxghv wkh ydoxh ri grphvwlf �upv/

vlqfh zh dvvxph wkdw wkhuh lv qr iruhljq rzqhuvkls ri wkh �upv1

Wkh ghyhorsphqw lq wkh frqvxphu sulfh lqgh{ lv vkrzq lq �jxuh 691

Sulfhv idoo e| 414 shufhqw lq wkh �uvw 8 shulrgv +58 |hduv,1 Wklv lv iroorzhg e| d judgxdo

lqfuhdvh ri 31< shufhqw lq wkh uhvw ri wkh wudqvlwlrq shulrg1 Wkh g|qdplf sdwk ri sulfhv

zloo whqg wr jlyh d vpdoo lqfhqwlyh wr lqfuhdvh frqvxpswlrq lq wkh �uvw shulrgv/ exw

wklv h�hfw lv qrw yhu| vwurqj1 Wkhuhiruh wkh fuxfldo h�hfwv duh wkrvh wkdw iroorz wkh

hyroxwlrq ri wkh ydoxh ri �upv dqg wkh kxpdq fdslwdo uhvshfwlyho|1 Lq wkh iroorzlqj

wkhvh h�hfwv duh ghfrpsrvhg1
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Iljxuh 69 |` � f�fD/ Frqvxphu FHV sulfh lqgh{

Ilup ydoxh

Lq wklv vxevhfwlrq dq dffrxqw ri wkh lqfuhdvh lq �up ydoxh 0 glvsod|hg lq �jxuh 5; 0 lv

jlyhq1 Wkh wrwdo glylghqg/ (
|

/ dqg wkh ydoxh ri �upv/ T
|

/ duh vkrzq lq �jxuh 6: dqg

�jxuh 6;/ uhvshfwlyho|1

Wkh ydoxh ri wkh �up lv gh�qhg dv wkh suhvhqw glvfrxqwhg ydoxh ri ixwxuh glylghqgv

ri wkh �upv/ fi1 fkdswhu 51 Wkh gldjudpv vkrz wkdw wkh ydoxh ri �upv lqfuhdvhv iru doo

shulrgv frpsduhg wr edvholqh1 Hyhq wkrxjk wkh glylghqgv whpsrudulo| ghfolqh lq wkh

�uvw shulrg/ wkh ydoxh ri �upv lqlwldoo| +lpphgldwho| diwhu wkh dqqrxqfhphqw ri wkh

wd{ fxw dw wkh hqg ri shulrg }hur, mxpsv wr d kljkhu ohyho1 Wklv lv h{sodlqhg e| wkh

idfw wkdw glylghqgv lq doo exw wkh �uvw shulrg lv pdunhgo| deryh wkh edvholqh ohyho1 Wkh

srvlwlyh frqwulexwlrqv wr wkh �up ydoxh iurp wkh glvfrxqwhg ydoxh ri wkh glylghqgv ri

wkhvh shulrgv grplqdwh wkh lqlwldo rqh0shulrg vhwedfn1

Wkh uhshufxvvlrq lq wkh �up ydoxh durxqg shulrg 8 uhvhpeohv wkh sur�oh ri wkh glyl0

ghqgv1 Qrwh krzhyhu wkdw wkh  xfwxdwlrqv duh pxfk vpdoohu dqg dulvh d ihz shulrgv

lq dgydqfh1 Djdlq wklv lv gxh wr wkh iruzdug0orrnlqj qdwxuh ri wkh yduldeoh dqg wr wkh

glvfrxqwlqj/ jlylqj juhdwhu zhljkw wr glylghqgv lq wkh qhdu ixwxuh91

9Li wkh glvfrxqwlqj zdv vx!flhqwo| vhyhuh/ wkh sur�oh zrxog dssur{lpdwh wkh sur�oh ri glylghqgv1
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Wr wudfn wkh h�hfw ixuwkhu zh ghfrpsrvh wkh h�hfw rq wkh vwuhdp ri glylghqgv1:1 Iru

frqyhqlhqfh wkh h{suhvvlrq iru wkh glylghqgv lv uhshdwhg ehorz
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Wkh hyroxwlrq ryhu wlph ri wkh frqwulexwlrq wr wkh vwuhdp ri glylghqg ri wkhvh 8 lwhpv

duh vkrzq lq �jxuh 6<1

Lqlwldoo| wrwdo glylghqgv ghfolqh dv phqwlrqhg ehiruh1 Wklv lv pdlqo| ehfdxvh ri wkh

pdvvlyh h{sdqvlrq ri lqyhvwphqwv/ zklfk pruh wkdq rxwzhljk wkh lqfuhdvh lq wkh jurvv

surgxfwlrq zklfk uhvxowv iurp wkh lqfuhdvh lq hpsor|phqw1 Wkh judgxdo lqfuhdvh lq wkh

fdslwdo vwrfn sursruwlrqdoo| lqfuhdvhv wkh frusrudwh ghew +gxh wr wkh �{hg ghew udwlr,

dqg wkhuhe| wkh lqwhuhvw sd|phqwv/ zklfk orzhuv glylghqgv1 Krzhyhu/ wkh lqfuhdvh lq

frusrudwh ghew lq lwvhoi sxoov lq wkh rssrvlwh gluhfwlrq1 Wklv lv dovr wkh fdvh iru wkh ulvh

lq wkh fxuuhqw jurvv sur�wv +eurxjkw derxw e| d ulvh lq jurvv rxwsxw dqg glplqlvkhg

oderu frvwv,/ zklfk lv wkh pdlq frqwulexwru wr wkh lqfuhdvh lq qrplqdo glylghqgv iru

wkh hqwluh shulrg1 Judgxdoo| wkh dprxqw ri wd{ ghsuhfldwlrq lqfuhdvhv1 Dv vwdwlrqdu|

vwdwh lv uhdfkhg wkh frusrudwh ghew ehfrphv vwdeoh dqg wkhuh lv qr h�hfw iurp fkdqjh

ri ghew +dv e| gh�qlwlrq dovr zdv wkh fdvh lq wkh edvholqh,1

:Lq wkh suhvhqw fdvh wklv lv idluo| vlpsoh vr wkh iroorzlqj suhvhqwdwlrq vhuyhv sulpdulo| dv dq
lqwurgxfwlrq wr wkh �jxuhv wkdw suhvhqw wkh ghfrpsrvlwlrq1



497 G\QDPLF HIIHFWV RI SROLF\ H[SHULPHQWV

96

98

100

102

104

106

108

110

112

,Q
G
H[

Dividend

Current gross profits

Interest payments

Investments

Tax depreciation

Change of debt

C i l i i
Iljxuh 6< |` � f�fD/ Glylghqg/ ghfrpsrvhg

Kxpdq fdslwdo

Wkh gldjudp rq wrs ri �jxuh ;141< vkrzv wkh frqvhtxhqfhv iru wkh suhvhqw ydoxh ri

glvsrvdeoh lqfrph  rzv iru hdfk jhqhudwlrq1

Wkh lqwhusuhwdwlrq ri wkh {0d{lv lv vrphzkdw xqxvxdo1 Uhfdoo wkdw qhz jhqhudwlrqv

ri krxvhkrogv hqwhu wkh hfrqrp| dw wkh hqg ri shulrg/ vr wkdw jhqhudwlrq 3 lv wkh

|rxqjhvw jhqhudwlrq +l1h1 4;055 |hduv ri djh, hfrqrplfdoo| dfwlyh lq shulrg 4/ zkhq

wkh srolf| fkdqjh lv lpsohphqwhg/ dqg jhqhudwlrq 044 lv wkh roghvw +l1h1 :60:: |hduv ri

djh,1 Wkh �uvw wzhoyh pdunv rq wkh {0d{lv wkxv vkrz wkh lpsdfw h�hfw rq wkh wzhoyh

jhqhudwlrqv �dolyh� lq shulrg 4/ zkhuhdv wkh iroorzlqj srlqwv phdvvxuh wkh jurxs ri

4;0550|hdu0rogv lq doo ixwxuh shulrgv1 Iru lqvwdqfh wkh h�hfw rq jhqhudwlrq 4< slfwxuhg

lq wkh gldjudp lv wkh h�hfw rq wkh jhqhudwlrq wkdw lv 4;055 |hduv rog lq shulrg 531 Wkh

uhwluhphqw djh lv 94 |hduv zklfk lq shulrg 4 ehorqjv wr wkh djh lqwhuydo ri jhqhudwlrq

0; +8;095 |hduv,1 Urxjko| 73 shufhqw ri jhqhudwlrq 0; lv dvvxphg wr eh uhwluhg ohdylqj

93 shufhqw lq wkh oderu irufh1

Uhfdoo dovr wkdw kxpdq fdslwdo lv gh�qhg dv wkh suhvhqw ydoxh ri wkh fxuuhqw dqg

ixwxuh glvsrvdeoh lqfrph iurp= zdjh/ xqhpsor|phqw ehqh�wv/ lqkhulwdqfh/ djh gh0

shqghqw wudqvihuv +erwk wd{deoh dqg qrq0wd{deoh,/ shqvlrqv dqg oxps vxp wudqvihuv

iurp deurdg dqg iurp wkh grphvwlf jryhuqphqw 0 fruuhfwhg iru wkh glvxwlolw| ydoxh ri
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zrunlqj1

Wkh gldjudp rq wrs ri �jxuh ;141< vkrzv wkh lqgh{ iru kxpdq fdslwdo dqg wkh frq0

wulexwlrq wr wklv iurp hdfk ri wkhvh vhyhq lwhpv;1 Iru wkh jhqhudwlrqv olylqj dw shulrg

4 +zkr �uvw dsshduhg dw wkh oderu pdunhw dw shulrg 043 wr 4,/ wrwdo kxpdq fdslwdo

ghfolqhv iru shqvlrqhuv dqg iru jhqhudwlrqv zlwk ihz shulrgv ohiw lq wkh oderu irufh

+jhqhudwlrqv iurp 044 wr 09,/ zkloh wkh uhvw ri wkh srsxodwlrq h{shulhqfhv dq lpsuryh0

phqw 0 wkh |rxqjhu wkh kljkhu1 Iru |hw xqeruq jhqhudwlrqv +l1h1 jhqhudwlrqv : f,/ wkh

ehqh�w iurp wkh ixwxuh lqfuhdvhv ri hpsor|phqw dqg glvsrvdeoh zdjh +gh dwhg e| wkh

frqvxphu sulfh lqgh{, lv hyhq eljjhu1

Wkhvh jhqhudwlrq0vshfl�f kxpdq fdslwdo h�hfwv fdq eh jlyhq wkh iroorzlqj lqwhusuh0

wdwlrq= Wkh idfw wkdw roghu shuvrqv h{shulhqfh d orzhu dqg hyhq qhjdwlyh h�hfw rq

wkhlu kxpdq fdslwdo iurp wkh lqfuhdvh lq wkh suhvhqw ydoxh ri wkhlu glvsrvdeoh zdjh

hduqlqj lv gxh wr wkh iroorzlqj wkuhh idfwv= Iluvw/ wkhuh lv wkh frqwudfwlrqdo h�hfw rq

lqfrph iurp wkh uhgxfhg oxps vxp wudqvihuv iurp wkh jryhuqphqw1 Vhfrqg/ iru wkrvh

fxuuhqwo| dolyh wkhuh lv dq h�hfw iurp wkh idfw wkdw wkh roghu wkh jhqhudwlrq wkh ohvv

wkh zdjh hduqlqjv frqwulexwh wr wkh kxpdq fdslwdo +fi1 �jxuh 54 dw sdjh 443,/ dqg

wklug wkhuh lv d pdfurhfrqrplf h�hfw iurp wkh idfw wkdw hpsor|phqw jurzv judgxdoo|

dv wkh oderu ghpdqg vfkhgxoh lv vkliwhg rxwzdugv zlwk wkh lqfuhdvhg fdslwdo vwrfn1

Wkh judgxdo rxwzdug vkliw ri wkh oderu ghpdqg lpsolhv wkdw erwk wkh uhdo zdjh dqg

hpsor|phqw lv lqfuhdvhg dqg wkxv wkh zdjh vxp ri wkh jhqhudwlrqv zkr duh dfwlyh

rq wkh oderu pdunhw lv judgxdoo| lqfuhdvhg1 Wkh odwhu +lq wlph, wkh jhqhudwlrq hqwhuv

wkh oderu pdunhw wkh kljkhu wkh h�hfw rq zdjh vxp iru wkh |hduv lq zrunirufh/ dqg

wkhuhiruh wkh kljkhu lv wkh h�hfw rq kxpdq fdslwdo

Lw fdq eh vhhq iurp �jxuh ;141< wkdw dovr uhwluhg jhqhudwlrqv +jhqhudwlrqv 0< dqg 043,

revhuyh +wlq|, lqfuhdvhv lq wkh suhvhqw ydoxh ri wkhlu fxuuhqw dqg ixwxuh zdjh hduqlqjv1

Wklv lv gxh wr wkh zdjh dqg ehqh�w lqfrph ri +wkh ihz, phq lq wkh oderu vxsso|lqj

djh +4;093 |hduv, zkr duh pduulhg wr zrphq ri shqvlrqhu djh +940:: |hduv, dv wkh djh

ri wkh zrphq gh�qhv wkh djh ri wkh krxvhkrogv1 Iru doo jhqhudwlrqv wkh suhvhqw ydoxh

ri xqhpsor|phqw ehqh�w hduqlqjv ghfolqh ehfdxvh xqhpsor|phqw idoov 0 lqlwldoo| e|

rqh txduwhu1 Qdwxudoo|/ wklv frqwulexwhv qhjdwlyho| wr wkh kxpdq fdslwdo1

Wkh h�hfw rq wkh shqvlrq diwhu wd{ lv qhjdwlyh vlqfh shqvlrqhuv 0 e| wkh gh�qlwlrq

ri wkh h{shulphqw 0 gr qrw h{shulhqfh d wd{0fxw1 Shqvlrqv ehiruh wd{ duh uhjxodwhg

;Vlqfh oxps vxp wudqvihuv iurp deurdg duh h{rjhqrxv wklv lwhp lv vlpso| sxw wrjhwkhu zlwk wkh
grphvwlf oxps vxp wudqvihuv iru uhdvrq ri fodulw|1
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dffruglqj wr wkh ghyhorsphqwv lq wkh suh0wd{ zdjh1 Vlqfh wklv zdjh lqlwldoo| idoov dv

d frqvhtxhqfh ri wkh zdjh wd{ fxw/ vr grhv wkh shqvlrq lqfrph1 Iurp �jxuh ;141<

rqh revhuyhv wkdw wkh h�hfw iurp shqvlrqv rq kxpdq fdslwdo lv odujhu wkh roghu wkh

jhqhudwlrq1 Wklv lv frpsrvhg ri wzr h�hfwv1 Iluvw/ wkh roghu wkh jhqhudwlrq wkh odujhu

wkh vkduh ri shqvlrq lq wrwdo kxpdq fdslwdo ri wkh jlyhq jhqhudwlrq1 Vhfrqg/ wkh

|rxqjhu wkh jhqhudwlrq wkh vpdoohu lv wkh glvfrxqw idfwru dwwdfkhg wr wkh uhgxfwlrq

lq shqvlrqv diwhu wd{ dqg wkh kljkhu lv wkh zdjh 0 dqg wkhuhe| wkh shqvlrq 0 dw wkh

wlph zkhq wkh| uhdfk uhwluhphqw djh1

Djh ghshqghqw wudqvihuv 0 erwk wd{deoh dqg qrq0wd{deoh 0 duh �{hg wr wkh zdjh

udwh ehiruh wd{/ zklfk lqlwldoo| idoov e| forvh wr 7 shufhqw +vhh �jxuh 68, dqg wkhq

judgxdoo| uhfryhuv1 Wkhuhiruh wkhlu suhvhqw ydoxh zloo eh prvw qhjdwlyho| d�hfwhg e|

wkh roghvw jhqhudwlrq/ zkr rqo| kdv rqh shulrg ohiw dv hfrqrplfdoo| dfwlyh1 Zkhq

ixwxuh jhqhudwlrqv zloo eh eruq wkh djh ghshqghqw wudqvihuv kdv doprvw uhwxuqhg wr

wkhlu edvholqh ohyho +318 shufhqw ehorz, dqg wkh suhvhqw ydoxh ri wkhvh zloo wkhuhiruh

rqo| eh vkruw ri wkh edvholqh ohyho e| d olwwoh dprxqw1 Wkh ghvfulehg  xfwxdwlrqv

duh krzhyhu qrw yhu| ylvleoh lq wkh ghfrpsrvlwlrq ri uhdo kxpdq fdslwdo/ vlqfh wkh

frqwulexwlrq iurp djh ghshqghqw wudqvihuv lv vr uhodwlyho| vpdoo1

Wxuqlqj wr lqkhulwdqfh rqh vkrxog �uvw orrn dw wkh

Dgglqj xs wkhvh jhqhudwlrqdo kxpdq fdslwdo h�hfwv wr �qg wkh h�hfw rq djjuhjdwh

suhvhqw ydoxh ri glvsrvdeoh lqfrph +qrw vkrzq lq wkh ghfrpsrvlwlrq, zrxog uhyhdo dq

lqlwldo uhgxfwlrq iroorzhg e| d judgxdo lqfuhdvh ryhu wlph 0 wr d ohyho pdunhgo| deryh

edvholqh1

Wkh djjuhjdwh frqvxpswlrq dqg xwlolw|

Lq wkh suhfhglqj 5 vxevhfwlrqv wkh frqwulexwlrq wr wkh zhdowk ri wkh djhqwv iurp wkh

iruzdug0orrnlqj vwrfn yduldeohv zdv dffrxqwhg iru1 Dv wkh frqvxpswlrq ghpdqg lv

ghwhuplqhg e| wkh zhdowk dqg wkh hyroxwlrq lq sulfhv ryhu wlph zh pd| qrz wxuq wr

d glvfxvvlrq ri wkh jhqhudwlrq vshfl�f frqvxpswlrq dqg wkh djjuhjdwh frqvxpswlrq1

Iluvw/ wkh lqfuhdvh lq wkh ydoxh ri �upv lpsolhv dq xqiruhvhhq fdslwdo jdlq ri wkrvh

jhqhudwlrqv dolyh dw wkh lpsohphqwdwlrq ri wkh srolf|1 Wkh glvwulexwlrq ri jdlqv dfurvv

jhqhudwlrqv iroorzv wkh glvwulexwlrq ri wkh vwrfn ri qrq0kxpdq fdslwdo dfurvv jhqhud0

wlrqv1 Wkxv lw lv lpsolflwo| dvvxphg wkdw wkh frpsrvlwlrq ri zhdowk lv lghqwlfdo dfurvv

jhqhudwlrqv1 Vhfrqg/ wkh h�hfw rq wkh suhvhqw ydoxh ri glvsrvdeoh lqfrph lv qhjdwlyh
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iru hoghu jhqhudwlrqv dolyh dqg srvlwlyh iru wkh |rxqjhvw jhqhudwlrqv dolyh1 Wkhvh idfwv

+dorqj zlwk wkh yhu| vpdoo h�hfw iurp sulfh fkdqjhv, ohdg wr wkh frqfoxvlrq wkdw rq

lpsdfw ghpdqg iru frqvxpswlrq lv uhgxfhg iru wkh roghvw kdoi ri wkh srsxodwlrq dqg

lqfuhdvhg iru wkh |rxqjhvw kdoi1 Djjuhjdwh frqvxpswlrq lv sudfwlfdoo| xqfkdqjhg rq

lpsdfw1

98

99

100

101

102

103

104

105

106

107

108

Generation -10

Generation -5

Generation 0

Generation 5

Generation 100

Iljxuh 73 Frqvxpswlrq iru jhqhudwlrqv

Wkh hyroxwlrq ri wkh frxqwhuidfwxdo jhqhudwlrq0vshfl�f olih f|foh frqvxpswlrq sdwk

uhodwlyh wr wkh edvholqh olih f|foh frqvxpswlrq sdwk lv vkrzq lq �jxuh 73/ zkhuh lw lv

vkrzq wkdw jhqhudwlrq 043 h{shulhqfh d uhgxfwlrq lq frqvxpswlrq lq wkh uhpdlqlqj

olihwlph diwhu wkh srolf| h{shulphqw1 Wkh rssrvlwh lv wuxh iru jhqhudwlrq 08 dqg odwhu

jhqhudwlrqv<1 Wkh odwhu wkh jhqhudwlrq hqwhuv wkh hfrqrp| wkh kljkhu wkh lqfuhdvh lq

wkh olih f|foh frqvxpswlrq sdwk1 Djjuhjdwh +sulydwh, frqvxpswlrq lv vkrzq lq �jxuh

5:1

Ilqdoo| frqvlghu wkh zhoiduh h�hfw ri wkh gl�huhqw jhqhudwlrqv1 Wkh shqvlrqhuv gr qrw

zrun wkhuhiruh wkh zhoiduh h�hfw ri wkhvh jhqhudwlrqv lv vlplodu wr wkh h�hfwv rq wkhlu

olih f|foh frqvxpswlrq sdwk1 Wkhuhiruh wkhlu zhoiduh ghwhulrudwh1 Wkh vdph lv wuxh

iru wkh roghvw jhqhudwlrq lq wkh oderu irufh/ vlqfh wkhlu frqvxpswlrq lv dovr uhgxfhg
<Jhqhudwlrq 09 +qrw vkrzq lq wkh gldjudp, h{shulhqfhv d kljkhu frqvxpswlrq lq wkh �uvw 6 shulrgv

iroorzlqj wkh wd{ fxw/ exw wkhq d wlq| uhgxfwlrq vhwv lq iru wkh odvw 6 shulrgv ri olih +l1h1 djh 960::,
lq frpsdulvrq wr edvholqh1 Frqvxpswlrq ohyhov iru jhqhudwlrqv iurp 044 wr 0: doo ghwhulrudwh iru wkh
uhvw ri wkhlu hfrqrplfdoo| dfwlyh olyhv1
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dqg lq dgglwlrq wr wklv wkh| kdyh lqfuhdvhg oderu vxsso| zklfk lqfuhdvhv glvxwlolw| ri

zrun1 Wkh odwwhu h�hfw lv vpdoo frpsduhg wr wkh frqvxpswlrq h�hfw lq wkh fxuuhqw

fdoleudwlrq ri wkh prgho1 Wkhuhiruh |rxqjhu jhqhudwlrqv h{shulhqfh dq lqfuhdvh lq

xwlolw| dorqj zlwk wkhlu lqfuhdvhg olih f|foh frqvxpswlrq1 Wkh gldjudp dw wkh erwwrp

ri �jxuh ;141< vkrzv wkh zhoiduh fkdqjhv dfurvv jhqhudwlrqv1
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<14 Dsshqgl{ D 0 qrwdwlrq ri srsxodwlrq yduldeohv

Wklv dsshqgl{ lv phdqw wr jlyh dq xqghuvwdqglqj ri wkh qrwdwlrqdo vwuxfwxuh ri wkh

srsxodwlrq yduldeohv1 Wkh irup fdq eh vxppdul}hg lqwr wkh iroorzlqj �yh uxohv ri

wkxpe=

41 Doo srsxodwlrq yduldeohv duh ghqrwhg e| d fdslwdo ohwwhu � 1

51 Wkh odvw vxevfulsw lv dozd|v uhihuulqj wr wkh wlph +h{fhsw lq vwdwlrqdu| vwdwh zkhuh

wlph fdq eh ljqruhg,1

61 Vxshuvfulsw ohwwhuv lv uhihuulqj wr wkh jhqghu

8 � ihpdohv
� � pdohv

ru wr wkh w|sh

� � dgxowv
� � fkloguhq
. � +dgxow,htxlydohqwv
M � khluv
` � zrunhuv

71 Zkhq wkh �uvw +jhqghu,vxshuvfulsw lv iroorzhg e| d ` zh duh uhihuulqj wr wkh sduw

ri wkh jhqghu zkr lv zrunlqj/ dqg zkhq lw lv iroorzhg e| dq M wr wkh sduw zkr lv khluv

dw wkh jlyhq wlph1 Erwk wkh �uvw dqg vhfrqg vxshuvfulsw fdq eh iroorzhg e| dq 8 1 Lq

wkdw fdvh zh duh uhihuulqj wr wkh sduw ri wkh phq ru wkh w|sh ru erwk lq frpelqdwlrq

dvvljqhg wr d vshfl�f krxvhkrog2djh ri wkh ihpdoh1

81 Zkhq wkhuh lv dq duurz deryh wkh yduldeoh + O�, wkhq lw lv d yhfwru rwkhuzlvh mxvw d

qxpehu1

Wkh gh�qlwlrqv ri doo wkh srsxodwlrq yduldeohv duh olvwhg h{solflwo| ehorz
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<15 Dsshqgl{ E 0 FHV ixqfwlrqv
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Wklv dsshqgl{ ghvfulehv krz wkh srsxodwlrq lv iruhfdvwhg dqg frqvwuxfwhg1 Wklv sur0

fhvv fdq eh glylghg lqwr 5 vwhsv=

4= Iruhfdvw wkh srsxodwlrq iru q qxpehu ri |hduv

5= Frqvwuxfw krxvhkrogv/ l1h1 dvvljq phq dqg fkloguhq wr zrphq

<1714 Iruhfdvwlqj wkh srsxodwlrq

Iruhfdvwlqj wkh srsxodwlrq lv d uhfxuvlyh surfhvv wkdw ghshqgv rq wkh lqlwldo srsxod0

wlrq dv zhoo dv dvvxpswlrqv derxw lq0 dqg rxw rz iurp wkh srsxodwlrq1 Iluvw uhfdoo

wkdw ��

@c|

dqg �8

@c|

duh wkh qxpehu ri phq dqg zrphq +uhvshfwlyho|, djhg @ |hduv

dw wlph |1 Lw zloo eh xvhixo wr fuhdwh wkh vhw V wkdw frqvlvw ri wkh wzr jhqghuv/ wkxv

V@i�c8j +gr qrw frqixvh wkh vhw V zlwk wkh hodvwlflw| ri vxevwlwxwlrq xvhg lq wkh

frqvxphu*v xwlolw| ixqfwlrq,1

Pruwdolw|

Zh qhhg wr gh�qh djh dqg jhqghu vshfl�f pruwdolw| udwhv1 Ohw
�
��X_

@c|c7

�
eh wkh

vxuylydo iuhtxhqf| iru lqglylgxdov djhg @5 |hduv dqg ri jhqghu V dw wlph w1 Wkxv/

5Qrwh wkdw d lv dq hohphqw ri wkh vhw D/ wkdw lv wkh vhw ri djhv dgplvvleoh/ l1h1 d 5 D @
i3> 4> 5> ===<<j1 Lw lv wkxv dvvxphg wkdw shuvrqv gr qrw olih pruh wkdq 433 |hduv1 Wkh vhw aD � D/
lv d surshu vxevhw frqwdlqlqj wkh djhv zkhq zrphq duh ihuwloh1
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��X_

@c|c7

�
lv wkh iudfwlrq ri @ |hdu rog +ri jhqghu V, wkdw olyh wr h{shulhqfh wkhlu

@ n � |hduv eluwkgd| dw wlph w.41 Li wklv qxpehu lv rqh iru d jlyhq djh d wkhq doo

lqglylgxdov vxuylyh wr wxuq @ n � |hduv1 Li wkh qxpehu lv }hur wkhq hyhu|rqh glhv1

Lw lv dvvxphg qrerg| h{shulhqfh wkhlu 433 |hduv eluwkgd|/ dqg wkxv X_

bbc|c7

' � iru

V@i�c8j1

Ihuwlolw|

Zh dovr qhhg wr gh�qh djh0vshfl�f ihuwlolw| udwhv iru zrphq lq wkh ihuwloh djhv1 Ohw

X�

@c|

eh gh�qhg dw wkh qxpehu ri fkloguhq wkdw dq d |hduv rog zrpdq jlyhv eluwk wr

dw wlph w1 Qrwh wkdw wklv qxpehu lv dvvxphg wr eh lqghshqghqw ri wkh qxpehu ri phq

lq wkh srsxodwlrq1 Zh zloo dovr gh�qh dq djh lqghshqghqw ihuwlolw|/ zklfk zh zloo fdoo

I
|
1 Wkh �qdo sdudphwhu zh qhhg wr gh�qh lv wkh iudfwlrq ri qhzeruqv wkdw duh ri wkh

wzr jhqghuv1 Zh zloo fdoo wklv iudfwlrq ê
|c7
> lw iroorzv wkdw ê

|c�
.ê

|c8
' � dw doo wlphv1

Pljudwlrq

Ilqdoo| zh qhhg wr gh�qh qhw0pljudwlrq dw wlph w iru lqglylgxdov ri djh d dqg jhqghu

V dv ��
@c|c7

1 Wklv qxpehu pd| eh srvlwlyh ru qhjdwlyh/ dqg lv frqvlghuhg h{rjhqrxv1

Wkh srsxodwlrq iruhfdvw prgho

Wr jhw vwduwhg iruhfdvwlqj srsxodwlrq/ zh qhhg lqlwldo ydoxhv/ l1h1 wkh srsxodwlrq lq

4<<81 Wkh htxdwlrqv ehorz ghvfuleh wkh srsxodwlrq iruhfdvw prgho1 Wkh �uvw htxdwlrq

wdnhv kdqg ri pruwdolw| dqg pljudwlrq=

�
@n�c|n�c7

'
�
��X_

@c|c7

�
��

@c|c7
n��

@c|c7
E; @ 5 �qibbj a | @ �bbD� +<163,

Wkh vhfrqg htxdwlrq wdnhv kdqg ri ihuwlolw|/ dqg ghwhuplqhv wkh qxpehu ri qhzeruq

e| vh{=

�
fc|c7

' ê
|c7

3C8
|
n
[
@M

	
�

�
@c|
X�

@c|

4D E;| @ �bbS a 7 ' i�c8j� +<164,
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Wrjhwkhu wkhvh wzr htxdwlrqv ghvfuleh wkh frpsohwh v|vwhp ri prwlrq iru wkh srsx0

odwlrq/ dqg iru jlyhq lqlwldo ydoxhv E�
@c�bbDc7

� lw lv hdv| wr fdofxodwh wkh srsxodwlrq dw

dq| jlyhq wlph uhfxuvlyho|1

Wkh srsxodwlrq iruhfdvw xvhg lq wkh prgho lv sduwlfxoduo| vlpsoh/ vlqfh lw lv dvvxphg

wkdw

� wkh pruwdolw| lv frqvwdqw wkurxjk wlph/ l1h1 X_

@c|c7

uhgxfhv wr X_

@c7

� wkhuh lv qr pljudwlrq/ l1h1 ��
@c|c7

' f

Zlwk wkhvh vlpsol�fdwlrqv htxdwlrq +<163, uhgxfhv wr

�
@n�c|n�c7

'
�
��X_

@c7

�
��

@c|c7
E; @ 5 �qibbj a | @ �bbD�

Ixuwkhupruh zh dvvxph wkdw

� ihuwlolw| lv qrw djh ghshqghqw= X�

@c|
' f

� ihuwlolw| lv frqvwdqw dqg wlph lqghshqghqw +l1h1 8
|c7

' 8
7
,1

� Wkh udwlr ehwzhhq er|v dqg jluov dprqj wkh qhzeruqv lv frqvwdqw/ l1h1 ê
|c7

'ê
7
1

Wkxv +<164, uhgxfhv wr

�
fc|c7

' ê
7
� 8

7
E;| @ �bbS�

<1715 Frqvwuxfwlqj krxvhkrogv

Wkh phwkrg rxwolqhg deryh iruhfdvwv wkh srsxodwlrq 0 wkh qh{w vwhs lv wr frqvwuxfw

wkh krxvhkrogv wkdw frqvwlwxwh wkh hfrqrplf ghflvlrq pdnlqj xqlw1 Wkh lghd ehklqg

wklv lv wkdw hdfk zrpdq lv dvvljqhg wr d glvwulexwlrq ri phq dqg d glvwulexwlrq ri

fkloguhq1 Wklv surfhgxuh zdv h{sodlqhg lq vhfwlrq C1C1

Lq fkdswhu C1C lw zdv h{sodlqhg krz phq dqg zrphq zhuh pdwfkhg xvlqj wkh frxsoh

pdwul{ l
�bbD

1 Krzhyhu/ wkhuh lv d sureohp zlwk wuxqfdwlrq lq wkh gdwd> wkh qxpehu ri
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frxsohv zkhuh hlwkhu wkh pdq ru wkh zrpdq duh ehorz 4; duh uhsruwhg dv }hur1 Wkxv

wkh glvwulexwlrq lv wuxqfdwhg iurp ehorz61 Iru zrphq djhg h1j1 88 wklv sureohp lv qrw

odujh/ vlqfh wkhlu qxpehu ri pdoh sduwqhuv ehorz 4; |hduv lv vpdoo 0 exw iru zrphq

djhg 4; wkh sureohp lv reylrxv1

Wkh vroxwlrq dgrswhg lv wr dvvxph wkdw wkh uhodwlyh sduwqhu djh0sdwwhuq iru zrphq

djhg 4;/ lv wkh vdph dv iru wkh zrpdq djhg 5;1 Lq rwkhu zrugv zh dvvxph/ wkdw wkh

iudfwlrq ri p |hdu rog phq mrlqhg zlwk 5; |hduv rog zrphq/ duh wkh vdph dv wkh

iudfwlrq ri p043 |hdu rog phq wkdw duh mrlqhg zlwk 5;043@4; |hduv rog zrphq1 Wklv

jhqhudol}dwlrq lv pdgh iru zrphq ehwzhhq 4; dqg 5: |hduv1 Lq sudfwlfh wklv doohyldwhv

wkh wuxqfdwlrq sureohp71

Ohw xv qrz wxuq wrzdugv wkh phq1 Frqvlghu wkh jurxs ri phq wkdw duh 4; |hduv rog1

Fohduo| vrph ri wkh zrphq zlwk zkrp wkh| duh dvvrfldwhg/ duh ehorz 4; |hduv1 Lq

wklv fdvh zh kdyh/ wkdw hyhq wkrxjk wkh| +wkh phq, duh ryhu 4; |hduv dqg wkxv dgxowv/

wkh zrpdq +@krxvhkrog, wr zklfk wkh| ehorqj lv ehorz 4; |hduv 0 dqg wkxv vwloo olylqj

dw krph1

Wkh vdph krogv iru roghu phq1 Vrph ri wkh zrphq zlwk zkrp wkh| duh dvvrfldwhg/ duh

deryh :: |hduv/ dqg kdyh uhwluhg 0 wklv phdqv wkdw wkh| ehorqj wr d uhwluhg krxvhkrog

dqg wkxv wkhpvhoyhv ehfrph uhwluhg1 Wkhvh wzr jurxsv vkrxog eh vxewudfwhg iurp wkh

qxpehu ri phq �dydlodeoh� wr zrphq ehwzhhq 4; dqg :: |hduv
�
��

@c|

�
1

Wkh qxpehu ri phq lq wklv vlwxdwlrq +l1h1 zkhuh wkhlu sduwqhu lv hlwkhu d plqru ru lv

uhwluhg, lv looxvwudwhg dv wkh gl�huhqfh ehwzhhq wkh wzr fxuyhv lq wkh �jxuh ehorz

Wkh wzr h�hfwv phqwlrqhg deryh duh suhvhqw lq wkh �jxuh/ dqg fdxvh wkh grwwhg olqh

wr olh ehorz wkh vrolg olqh1 Iluvw/ wkhuh lv wkh qxpehu ri phq mrlqhg zlwk zrphq wkdw

duh plqru> wklv dffrxqwv iru wkh h�hfw lq wkh ohiw sduw ri wkh �jxuh1 Vhfrqgo|/ wkhuh

duh d qxpehu ri phq dvvrfldwhg zlwk d uhwluhg zrpdq> wklv dffrxqwv iru wkh h�hfw lq

wkh uljkw0kdqg vlgh ri wkh �jxuh1 Wkh qxpehuv ehklqg wklv �jxuh fdq eh vhhq iurp

wdeoh 4 ehorz1 Lw vkrzv iru hdfk jhqhudwlrq wkh wrwdo qxpehu ri phq dqg wkh qxpehu

ri phq wkdw duh dydlodeoh wr zrphq ehwzhhq 4; dqg :: |hduv 0 wkh uhpdlqlqj kdyh

6Lq sulqflsoh wkh glvwulexwlrq lv dovr wuxqfdwhg iurp deryh/ vlqfh frxsohv zkhuh wkh pdq lv roghu
wkdq << |hduv duh ljqruhg1 Wklv sureohp/ krzhyhu/ lv pdqdjhdeoh vlqfh zh rqo| duh lqwhuhvwhg lq
zrphq ehorz :; |hduv1 Lw lv qrw xuhdvrqdeoh wr dvvxph/ wkdw wkh qxpehu ri frxsohv zkhuh wkh
zrpdq lv :: |hduv dqg wkh pdq roghu wkdq 433 lv yhu| vpdoo1

7Lq sulqflsoh/ ri fdxvh/ wkh wuxqfdwlrq sureohp lv vwloo suhvhqw 0 zh kdyh mxvw sxvkhg lw 43 |hduv1
Krzhyhu/ wkh pdjqlwxgh ri wkh sureohp lv uhgxfhg/ vlqfh wkhuh rqo| lv d vpdoo qxpehu ri frxsohv
zkhuh wkh djh gl�huhqfh lv odujhu wkdq 43 |hduv +ohvv wkdq 4 shu fhqw ri 83 |hduv rog zrphq duh
�pduulhg� zlwk phq ehorz 73 |hduv,1
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Population "Available" Available in Population "Available" Available in
percent percent

18 34.973            9.549              27% 58 30.661            30.657            100%
19 34.947            14.211            41% 59 30.262            30.254            100%
20 34.916            18.861            54% 60 29.833            29.825            100%
21 34.884            23.206            67% 61 29.357            29.351            100%
22 34.856            26.788            77% 62 28.821            28.809            100%
23 34.828            31.390            90% 63 28.250            28.228            100%
24 34.796            31.649            91% 64 27.657            27.618            100%
25 34.765            33.513            96% 65 27.033            26.986            100%
26 34.732            33.806            97% 66 26.348            26.284            100%
27 34.697            33.702            97% 67 25.584            25.512            100%
28 34.662            33.600            97% 68 24.779            24.564            99%
29 34.625            33.843            98% 69 23.933            23.648            99%
30 34.587            33.913            98% 70 23.036            22.657            98%
31 34.546            34.194            99% 71 22.119            21.632            98%
32 34.500            34.500            100% 72 21.145            20.509            97%
33 34.447            34.371            100% 73 20.114            19.293            96%
34 34.391            34.315            100% 74 19.036            17.962            94%
35 34.332            34.254            100% 75 17.933            16.517            92%
36 34.269            34.269            100% 76 16.802            14.911            89%
37 34.200            34.200            100% 77 15.639            13.036            83%
38 34.125            34.125            100% 78 14.481            10.866            75%
39 34.042            33.967            100% 79 13.316            8.583              64%
40 33.949            33.873            100% 80 12.164            6.397              53%
41 33.845            33.845            100% 81 11.032            4.541              41%
42 33.739            33.739            100% 82 9.873              3.084              31%
43 33.642            33.642            100% 83 8.746              2.024              23%
44 33.538            33.538            100% 84 7.668              1.304              17%
45 33.426            33.426            100% 85 6.653              820                 12%
46 33.306            33.237            100% 86 5.692              514                 9%
47 33.179            33.179            100% 87 4.809              319                 7%
48 33.039            33.039            100% 88 4.013              200                 5%
49 32.875            32.874            100% 89 3.298              123                 4%
50 32.690            32.690            100% 90 2.652              75                   3%
51 32.501            32.501            100% 91 2.094              45                   2%
52 32.303            32.302            100% 92 1.639              27                   2%
53 32.093            32.093            100% 93 1.251              16                   1%
54 31.859            31.858            100% 94 932                 10                   1%
55 31.592            31.591            100% 95 662                 6                     1%
56 31.306            31.306            100% 96 452                 3                     1%
57 31.004            30.999            100% 97+ 648                 3                     0%

7RWDO ���������������� ���������������� ���

Wdeoh 4= Phq lq srsxodwlrq dqg phq �dydlodeoh� wr zrphq ehwzhhq 4; dqg :: |hduv

Zkdw lpsolfdwlrq grhv wklv kdyh iru wkh dqdo|vlv suhvhqwhg lq wklv sdshuB Lw lv lp0

sruwdqw wr uhdol}h/ wkdw zkhqhyhu wkh qxpehu ri phq ��

@c|

duh uhihuuhg wr/ zh uhihu

wr wkh grwwhg olqh vlqfh lw uh hfwv wkh qxpehu ri phq �dydlodeoh� wr zrphq ehwzhhq

4; dqg :: |hduv1 Dq lpsolfdwlrq ri wklv/ lv wkdw vrph phq �glvdsshdu� lq wkh vhqvh/

wkdw wkh| duh hlwkhu pdwfkhg zlwk d plqru ru zlwk d uhwluhg zrpdq1 Rqh pljkw dvn

zk| ��

@c|

lv frqvwuxfwhg lq wklv zd|/ lqvwhdg ri mxvw dgglqj wzr froxpqv wr wkh frxsoh

pdwul{ uh hfwlqj wkh wuxqfdwhg duhd +l1h1 d fdwhjru| zlwk zrphq ehorz 4; |hduv/ dqg
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d fdwhjru| zlwk zrphq ryhu :; |hduv,1 Wkh dqvzhu lv/ wkdw iru d qxpehu ri sxusrvhv

lq wkh frpsxwhu surjudp dqg lq wkh fdofxodwlrqv/ lw lv frqyhqlhqw wkdw hdfk urz lq wkh

qrupdol}hg frxsoh0pdwul{
�
7l
|

�
vxpv wr xqlw| iru zrphq ehwzhhq 4; dqg :: |hduv1

Pruh irupdoo| gh�qh wkh h{whqghg frxsoh pdwul{ 	l
|
e|
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|
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6:::::::::8
c +<165,

Frpsdulqj wklv pdwul{ wr 614 lw lv vhhq wkdw wkh pdwul{ lv phuho| h{whqghg 0 wkh

ruljlqdo frxsoh pdwul{ l
|
lv frqwdlqhg lq wkh er{ +qrwh wkh wkdw wkh hqwulhv duh qrz

fdoohg 	�,1 Wkh qhz pdwul{ wdnhv dffrxqw iru doo srvvleoh djh0frpelqdwlrqv/ vrph ri

zklfk fohduo| duh devxug1

Wr irupdol}h krz wkh qxpehu ri qrq0dydlodeoh phq duh fdofxodwhg/ frqvlghu rqh urz

lq wkh pdwul{1 Qrz gh�qh wkh udwlr 	�J__

@c|

dv

	�J__

@c|
'

S
�.

K'f

	� SJ�R,e

@cKc|

n
S

�
�

K'.H

	� SJ�R,e

@cKc|S
�
�

K'f

	� SJ�R,e

@cKc|

Lq rwkhu zrugv 	�J__

@c|
/ lv wkh qxpehu ri frxsohv zkhuh wkh pdq lv @ |hduv rog dqg wkh

djh ri wkh zrpdq olhv rxwvlgh wkh lqwhuydo d�Hc ..o1 Wklv lv wkh iudfwlrq ri phq zh odeho

dv �xqdydlodeoh� +wr wkh 4;0:: |hduv rog zrphq,1 Wkh ydoxh ri � � 	�J__

@c7|e@_+37|@|e

/

l1h1 wkh dydlodeoh phq lq vwhdg| vwdwh/ zdv vkrzq lq wdeoh 4 deryh1 Wkxv wkh qxpehu

ri phq zh glvwulexwh wr zrphq e| pdwul{ pxowlsolfdwlrq lv
�
�� 	�J__

@c|

�
	��

@c|
dqg qrw

��

@c|

1

Frqvwuxfwlqj wkh krxvhkrogv lq wkh prgho xvlqj wkh sulqflsohv phqwlrqhg deryh8/ wkh

�qdo frpsrvlwlrq ri wkh krxvhkrogv duh vkrzq lq wdeoh 5 ehorz1

8Fkloguhq duh glvwulexwhg dffruglqj wr wkh djh ri wkhlu prwkhu/ dv ghvfulehg lq vhfwlrq C1C1
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Women Men Children Women Men Children

18 33.359          35.555          181               48 32.361           31.875           11.653           
19 33.350          36.133          591               49 32.254           32.476           9.141             
20 33.336          35.566          1.196            50 32.138           32.983           7.040             
21 33.323          35.188          1.989            51 32.008           33.441           5.321             
22 33.314          35.051          3.054            52 31.868           33.586           3.872             
+� ��������������� ��������������� ����������������� +� ���������������� ���������������� �����������������

23 33.305          34.471          4.475            53 31.721           33.480           2.762             
24 33.294          34.009          6.223            54 31.557           33.207           1.935             
25 33.284          33.356          8.320            55 31.379           32.699           1.260             
26 33.273          32.917          10.738          56 31.187           32.129           801                
27 33.258          32.788          13.553          57 30.966           31.276           467                
+� ��������������� ��������������� ���������������� +� ���������������� ���������������� ������������������

28 33.245          32.944          16.663          58 30.728           30.480           257                
29 33.231          33.434          19.772          59 30.478           29.425           133                
30 33.215          33.927          22.559          60 30.195           28.599           59                  
31 33.199          34.432          25.074          61 29.877           27.510           27                  
32 33.181          34.786          27.182          62 29.540           26.256           13                  
+� ��������������� ��������������� ��������������� +� ���������������� ���������������� �������������������

33 33.161          35.025          28.911          63 29.183           25.699           6                    
34 33.141          35.047          30.378          64 28.795           24.579           1                    
35 33.117          35.017          31.505          65 28.369           23.943           
36 33.089          34.906          32.164          66 27.903           23.388           
37 33.055          34.711          32.439          67 27.410           22.469           
+� ��������������� ��������������� ��������������� +�� ���������������� ���������������� ���������������������

38 33.016          34.468          32.297          68 26.884           21.762           
39 32.977          34.265          31.841          69 26.325           20.725           
40 32.934          33.972          30.986          70 25.745           19.711           
41 32.881          33.628          29.678          71 25.142           18.511           
42 32.823          33.210          27.990          72 24.475           17.346           
+� ��������������� ��������������� ��������������� +�� ���������������� ����������������� �����������������

43 32.763          32.742          25.912          73 23.751           16.006           
44 32.697          32.236          23.493          74 23.014           14.692           
45 32.629          31.797          20.674          75 22.245           13.432           
46 32.549          31.531          17.559          76 21.412           12.085           
47 32.459          31.528          14.443          77 20.516           10.757           
+� ��������������� ��������������� ��������������� +�� ���������������� ����������������� �����������������

Wdeoh 5= Frpsrvlwlrq ri krxvhkrogv lq vwhdg| vwdwh

Kdylqj �uhpryhg� d odujh qxpehu ri |rxqjhu phq +l1h1 prvw surplqhqwo| phq |rxqjhu

wkdq 56 |hduv,/ lw lv qrw lpphgldwho| reylrxv zk| wkh qxpehu ri phq lq wkh |rxqj

krxvhkrogv vhhp wr eh xqd�hfwhg1 Exw uhphpehu wkdw phq rq dyhudjh duh vrph |hduv

roghu wkdq wkhlu ihpdoh frxqwhusduw 0 dqg wkh phq zh uhpryhg duh dvvrfldwhg zlwk

zrphq |rxqjhu wkdq 4;1
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Wkh frxsohpdwul{ ryhu wlph

111

Glvwulexwlqj phq ryhu wlph

^KHU PDQJOHU QRJHW RP SDUPDWULFHQ RYHU WLG`

<18 Dsshqgl{ H 0 gdwd

Wklv dsshqgl{ grfxphqwv wkh gdwd iru wkh |hdu ri 4<<81 Wkh pdlq vrxufh lv wkh

qdwlrqdo dffrxqw �jxuhv iurp wkh rog yhuvlrq/ exw ydulrxv rwkhu vrxufhv duh xwlol}hg

dv zhoo1 Lq Rfwrehu 4<<:/ Vwdwlvwlfv Ghqpdun sxeolvkhg d qhz qdwlrqdo dffrxqw edvhg

rq wkh HQV<8 vwdqgdug1 Wklv zloo ri frxuvh eh xwlol}hg lq wkh ixwxuh yhuvlrqv ri

GUHDP1 Dw suhvhqw wkh qhz yhuvlrq ri wkh qdwlrqdo dffrxqw lv qrw |hw frpsohwh dqg

wkhuhiruh wkh rog yhuvlrq lv xwlol}hg lqvwhdg1

<1814 Lqsxw rxwsxw gdwd

Wdeoh 4 vkrzv wkh edvlf lqsxw rxwsxw wdeoh iru 4<<81 Wkh odwhvw sxeolvkhg lqsxw rxwsxw

wdeoh ri wkh rog yhuvlrq iurp Vwdwlvwlfv Ghqpdun fryhuv 4<<51 Krzhyhu/ doo �jxuhv ri

wkh qrq0vkdghg duhdv ri wdeoh 4 duh rewdlqhg iurp wkh suholplqdu| rog yhuvlrq qdwlrqdo

dffrxqw �jxuhv iru 4<<8 lq wkh gdwdedvh ri DGDP +Vwdwlvwlf Ghqpdun*v pdfurhfrqr0

phwulf prgho/ fi1 Gdp +4<<9,,1 Wkh �jxuhv ri wkh vkdghg duhdv duh lpsxwhg e| wkh

vr0fdoohg UDV0surfhgxuh1 Iluvw/ lqlwldo jxhvvhv ri wkh vkdghg fhoov duh fdofxodwhg e|

dsso|lqj wkh fruuhvsrqglqj froxpqzlvh frh!flhqwv ri wkh 4<<5 lqsxw rxwsxw wdeoh wr

wkh nqrzq +qrq0vkdghg, pdujlqdov ri wkh 4<<8 wdeoh1 Wkhq wkh vkdghg fhoov ri wkh

4<<8 wdeoh duh irxqg e| plqlpl}lqj wkh vxp ri vtxduhg uhodwlyh ghyldwlrqv wr wkhvh

lqlwldo jxhvvhv xqghu wkh uhvwulfwlrqv wkdw wkh pdujlqdo �jxuhv duh qrw d�hfwhg19

Ilqdoo|/ uh0h{sruwv dprxqwlqj wr 65139: eloolrq Gnu1 duh frqvrolgdwhg rxw wr dyrlg wkh

qhhg iru prghoolqj uh0h{sruwv lq wkh prgho1 Wkh rplvvlrq ri uh0h{sruwv kdv qr lpsdfwv

rq wkh djjuhjdwh dfwlylw| dv lw glplqlvkhv erwk lpsruwv dqg h{sruwv e| wkh vdph

dprxqw ohdylqj qhw h{sruwv dqg JGS xqd�hfwhg1 Wkh dprxqwv ri lpsruwv lqfoxgh

wroo1 Wkh wrwdo wroo uhyhqxh zdv 41<69 eloo1 Gnu1 lq 4<<81:

9DGDP*v gdwdedvh frqwdlqv d suholplqdu| lqsxw rxwsxw wdeoh iru 4<<8 lq 4<;30sulfhv1 Krzhyhu/
lw grhv qrw frqwdlq d edodqfhg lqsxw rxwsxw wdeoh lq fxuuhqw sulfhv/ zklfk zh qhhg khuh1

:Vwulfwo| vshdnlqj/ �frpprglw| wd{hv� ri wkh froxpq iru grphvwlf surgxfwlrq lqfoxgh vrph plqru
gxwlhv qrw olqnhg wr frpprglw| lqsxwv1
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Exports Sum
Private Public Private Public Private Public

1.a. Domestic private production 437793 59986 312254 0 106769 14039 311187 1242028
1.b. Domestic public production 7653 5798 18928 243905 0 0 216 276500
2.a. Imports of private production 143293 8804 85205 0 28756 1451 0 267509
2.b. Imports of public production 0 0 0 0 0 0 0 0
3.a. Quantity commodity taxes 0 0 29500 0 0 0 0 29500
3.b. Ad valorem commodity taxes, net 7526 18081 73235 0 9630 4011 -4433 108050
4. Uses at market prices (1-3) 596265 92669 519122 243905 145155 19501 306970 1923587
5. Compensation of employees 341383 173776
6. Gross operating surplus 304380 10055
7. Gross output at basic values (4-6) 1242028 276500
Note: Reexports consolidated out.
Source: $'$0
V�GDWDEDQN

.

Domestic production Consumption Gross investments

Wdeoh 41 Wkh edvh |hdu lqsxw rxwsxw wdeoh/ ploo1 Gnu1

<1815 Fdslwdo vwrfn dqg ghsuhfldwlrq udwhv

Wkh qdwlrqdo dffrxqw surylghv wzr dowhuqdwlyh phdvxuhv ri wkh fdslwdo vwrfn= Wkh

jurvv fdslwdo vwrfn dqg wkh qhw fdslwdo vwrfn1 Wkh jurvv fdslwdo vwrfn lv gh�qhg dv wkh

ydoxh ri doo fdslwdo jrrgv hydoxdwhg dw uhsodfhphqw sulfhv +sulfhv rq qhz lqyhvwphqw

jrrgv,1 Wkh qhw fdslwdo vwrfn lv wkh ydoxh ri doo fdslwdo jrrgv hydoxdwhg dw ghsuhfl0

dwhg uhsodfhphqw sulfhv/ wkhuhe| wdnlqj wkhlu uhpdlqlqj olihwlphv lqwr dffrxqw1 Li wzr

fdslwdo jrrgv srvvhv wkh vdph txdolw| exw kdyh gl�huhqw uhpdlqlqj olihwlphv/ wkh|

zloo kdyh wkh vdph ydoxh lq jurvv whupv/ exw lq qhw whupv wkh jrrg zlwk wkh odujhvw

uhpdlqlqj olihwlph zloo kdyh wkh odujhvw ydoxh1

Wkh jurvv frqfhsw rqo| fruuhfwv iru wkh sk|vlfdo ghfd| ri sdvw lqyhvwphqwv1 Lw lv d

phdvxuh ri surgxfwlrq fdsdflw| dqg wkhuhiruh uhohydqw lq surgxfwlrq ixqfwlrqv1 Wkh

qhw frqfhsw ixuwkhu fruuhfwv iru wkh hfrqrplf ghfd| dqg lv wkhuhiruh d phdvxuh ri

zhdowk1 Lw fdq eh vkrzq wkdw lq fdvh ri d frqvwdqw sk|vlfdo udwh ri ghsuhfldwlrq/ wkh

wzr phdvxuhv duh lghqwlfdo ehfdxvh lq wklv lqvwdqfh wkh sk|vlfdo dqg hfrqrplf ghfd|

frlqflgh1 GUHDP dvvxphv d frqvwdqw sk|vlfdo udwh ri ghsuhfldwlrq dqg wkhuh lv rqo|

rqh frqfhsw ri fdslwdo lq wkh prgho1 Krzhyhu wklv grhv qrw h{hpsw rqh iru fkrrvlqj

rqh ri wkh fdslwdo frqfhswv iru fdoleudwlrq1 Iru wkh hqwluh fdslwdo vwrfn/ wkh jurvv

phdvxuh h{fhhgv wkh qhw phdvxuh e| pruh wkdq :3 shu fhqw1 Reylrxvo|/ wkh qdwlrqdo

dffrxqw lv idu iurp dvvxplqj d frqvwdqw sk|vlfdo udwh ri ghsuhfldwlrq1

Zh suhihu wkh qhw fdslwdo vwrfn iru fdoleudwlrq sxusrvhv iru wzr uhdvrqv1 Iluvw/ lq dq

ROJ prgho phdvxulqj wkh zhdowk ri krxvhkrogv dffxudwho| pxvw kdyh wrs sulrulw|1

Vhfrqg/ wkh frqvhtxhqfhv ri phdvxulqj wkh fdslwdo vwrfn lq wkh surgxfwlrq ixqfwlrq

lqdghtxdwho| duh plqru1 Lghdoo|/ wkh surgxfwlrq ixqfwlrq vkrxog eh vshfl�hg zlwk wkh

vhuylfhv ri wkh fdslwdo vwrfn dv lqsxw1 Lq odfn ri gdwd iru wkhvh vhuylfhv/ wkh fdslwdo
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vwrfn lv lqvwhdg lqvhuwhg dv dq lqsxw/ dvvxplqj wkdw wkh vhuylfhv duh sursruwlrqdo

wr wkh vwrfn1 Dw d jlyhq srlqw lq wlph/ phdvxulqj wkh vwrfn lqdffxudwho| dprxqwv

wr uhgh�qlqj wkh idfwru ri sursruwlrqdolw|1 Ri frxuvh/ wklv olqh ri dujxphqw grhv qrw

doohyldwh wkh edvlf sureohp wkdw wkh prgho iru sxuh frqyhqlhqfh vlpso| dvvxphv d

frqvwdqw sk|vlfdo ghfd|/ zkloh wkh qdwlrqdo dffrxqw edvhg rq fduhixo h{dplqdwlrq ri

uhdolw| dvvxphv d udwkhu gl�huhqw sdwwhuq1 Wklv lpsolhv wkdw hyhq li wkh fdslwdo vwrfn lv

surshuo| phdvxuhg lq wkh edvh |hdu gdwd vhw/ wkh sk|vlfdo ghsuhfldwlrqv dqg wkhuhiruh

wkh fdslwdo vwrfn zloo ghyhors lqdffxudwho| ryhu wlph lq prgho vlpxodwlrqv1

Wdeoh 5 glvsod| vrph fdslwdo vwrfn �jxuhv1 Wkh �8 |hdu ydoxh� lv wkh ruglqdu| �4

|hdu ydoxh� glylghg e| 8/ zklfk lv xwlol}hg zkhq wkh prgho lv vshfl�hg zlwk d 8 |hdu

iuhtxhqf| wr nhhs wkh uhodwlrq ehwzhhq vwrfnv dqg  rzv xqfkdqjhg/ zkhq zh dgrsw

wkh frqyhqwlrq ri nhhslqj wkh vl}h ri  rzv htxdo lq 4 |hdu dqg 8 |hdu iuhtxhqflhv dv

h{sodlqhg lq fkdswhu :1

1 year value 5 year value
Private sector exclusive dwellings, net 1113.822 223
Dwellings, net 1393.044 279
Total private sector, net 2506.866 501
Public sector, net 522.33 104

0HPR
Total capital stock, net 3029.196 606
Total capital stock, gross 5271.443 1054
Sources: $'$0
V�GDWDEDVH .

Wdeoh 51 Wkh ydoxh ri wkh fdslwdo vwrfn/ eloo1 Gnu1

Wkh qdwlrqdo dffrxqw hvwlpdwhv wkh sk|vlfdo ghsuhfldwlrqv lq 4<<8 wr 46619:9 eloolrq

Gnu1 iru wkh sulydwh surgxfhuv dqg 431388 ploo1 Gnu1 iru wkh jryhuqphqwdo surgxfhuv1

Wkh edvh |hdu udwhv ri ghsuhfldwlrqv iru wkh wzr vhfwruv duh wkhuhiruh

B�
K@re

'
����S.S

2DfS�HSS
' f�fD��

BC
K@re

'
�f�fDD

D22���f
' f�f�b�

<1816 Wd{ udwh ri ghsuhfldwlrq

Wkh wd{ udwh ri ghsuhfldwlrq lv 316 shu fhqw iru pdfklqhu| dqg wudqvsruw htxlsphqw1

Wkh wd{ ghsuhfldwlrq irupxod iru exloglqjv dqg frqvwuxfwlrq lv qrw d frqvwdqw udwh/ exw

iru wkh fdoleudwlrq ri wkh Gdqlvk ROJ0prgho HSUX lw lv hvwlpdwhg wkdw wkh wd{ uxohv
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fdq eh wudqvodwhg lqwr dq hvwlpdwhg frqvwdqw wd{ udwh ri ghsuhfldwlrq iru exloglqjv dw

314451; Wkh vkduh ri pdfklqhu| dqg wudqvsruw htxlsphqw ri wkh wrwdo sulydwh fdslwdo

vwrfn +lqfoxglqj gzhoolqjv, lv 3149<9/ jlylqj wkh zhljkwhg dyhudjh hvwlpdwh ri wkh

djjuhjdwh wd{ udwh ri ghsuhfldwlrq iru wkh sulydwh surgxfhuv

eB|f ' f��SbS � f��f n E�� f��SbS� � f���2 ' f��e�b

<1817 Sxeolf �qdqfhv

Wdeoh 6 jlyhv dq ryhuylhz ri wkh sxeolf dffrxqwv frpsdulqj wkh ehqfkpdun gdwd

vhw dqg wkh edvh |hdu gdwd vhw1 Wkh sxeolf +ru jryhuqphqwdo, vhfwru lq GUHDP lv

gh�qhg dv wkh vwdwh dqg orfdo jryhuqphqwv lqfoxglqj Wkh Vrfldo Shqvlrq Ixqg dqg

Wkh Fhqwudo Edqn1 Lq 4<<8 wkhuh zdv d sxeolf exgjhw gh�flw ri 561<44 eloo1 Gnu1 dv

ndq eh vhhq iurp wkh edvh |hdu gdwd1 Lq vslwh ri wklv lw lv qhfhvvdu| wr lqwurgxfh oxps

vxp wudqvihuv dw 631736 eloo1 Gnu1 iurp wkh sxeolf vhfwru wr wkh krxvhkrogv lq rughu

wr edodqfh wkh sxeolf exgjhw lq wkh ehqfkpdun gdwd vhw1 Wkhuh duh 8 pdmru uhdvrqv

iru wklv dv wdeoh 7 uhyhdov

;Wkh fdofxodwlrq lv grfxphqwhg lq dq xqsxeolvkhg lqwhuqdo sdshu e| Vfkxow} Pûoohu +4<<6,1
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Benchmark data set Base year data set
5HYHQXH�

Gross operating surplus 10.055 10.055
Wage tax 219.973
Benefits tax 11.821
Age dependent transfers tax 14.007
Pensions tax 23.432
Payroll tax 0.000
Interest tax 43.106
Dividends tax 19.353
Corporate tax 28.566
Capital gains tax 0.000
7RWDO�GLUHFW�WD[HV�HWF� 360.260 322.241
Quantity tax private consumption 29.500 29.500
Ad valorem tax private consumption 73.235 73.235
Materials excise tax 25.607 25.607
Investments excise tax 13.641 13.641
Exports excise tax -4.433 -4.433
Tariff 1.936 1.936
7RWDO�LQGLUHFW�WD[HV 139.486 139.486
Total revenue 509.801 471.782

([SHQGLWXUHV

Public consumption 243.905 243.905
Public investments 19.501 19.501
Public net interests expenditures 28.464 41.224
Public net payments abroad 9.030 9.030
Public pensions 101.439 79.831
Public unemployment benefits 38.632 46.048
Public age dependent transfers 38.427 82.641
Public ordinary expenditures total 479.397 522.180
Other expenditures, net 0.000 -26.487
Public total lump sum transfers to households 30.403 0.000
Total expenditures 509.801 495.693

%XGJHW�VXUSOXV 0.000 -23.911

Sources:�$'$0
V�GDWDEDQN��Statistic Denmark, 1DWLRQDOUHJQVNDE��RIIHQWOLJH�ILQDQVHU
                 RJ�EHWDOLQJVEDODQFH , 1997:11, and own calculations.

Wdeho 61 Wkh sxeolf exgjhw/ eloo1 Gnu1

1. Other expenditures, net -26.487
2. Total direct taxes 38.019
3. Net interest expenditures 12.760
4. Ordinary transfers to households 30.022
5. Budget surplus -23.911
Sum = lump sum transfers to households 30.403

Wdeoh 71 Ghfrpsrvlwlrq ri wkh sxeolf oxps vxp wudqvihuv wr krxvhkrogv/ eloo1 Gnu1

Iluvw/ frqvlghulqj wkh prgho*v ohyho ri devwudfwlrq/ zh gr qrw �qg lw zruwkzkloh wr

wdnh dffrxqw ri ydulrxv vpdoohu lwhpv ri wkh sxeolf dffrxqwv1 Wkh| duh vxpphg xs lq



4<; DSSHQGL[

�rwkhu h{shqglwxuhv/ qhw� zklfk dprxqw wr d qhw uhyhqxh ri 5917;: eloo1 Gnu1

Vhfrqg/ wkh uhyhqxh ri wrwdo gluhfw wd{hv duh ryhu0hvwlpdwhg e| wkh prgho e| 6;134<

eloo1 Gnu1 ru 441; shu fhqw ri wkh edvh |hdu uhyhqxh ri 6551574 eloo1 Gnu1 Wkhuh lv

hvyhudo uhdvrqv iru wklv1 Vrph ri wkh gluhfw wd{ udwhv duh fdofxodwhg vxfk wkdw wkh|

phdvxuh wkh dyhudjh lqfhqwlyh lpsdfw rq wkh djhqwv dqg qrw vxfk wkdw wkh| uhvxow lq

wkh dfwxdo uhyhqxh1 Dovr/ wkh prgho fdofxodwhg wd{ edvhv pljkw ghyldwh iurp wkh dfwxdo

wd{ edvhv iru prvw gluhfw wd{hv iru ydulrxv uhdvrqv/ lqfoxglqj wkdw wkh frpsrvlwlrq

ri wkh ehqfkpdun srsxodwlrq ghyldwhv iurp wkh dfwxdo srsxodwlrq/ wkh xquhdolvwlf

dvvxpswlrq wkdw doo lqglylgxdov zkr duh ehwzhhq 4; dqg 93 |hduv rog ehorqj wr wkh

oderu irufh dqg wkh idfw wkdw doo �upv duh dvvxphg wr eh rujdql}hg dv frusrudwlrqv1

Frqwudu| wr wklv/ wkh lqgluhfw wd{ udwhv duh fdoleudwhg dv wkh fruuhfw uhyhqxh glylghg

e| wkh wd{ edvh/ uhvxowlqj lq fruuhfw uhyhqxhv iru hdfk ri wkhvh wd{hv/ fi1 dovr fkdswhu

:1 Wkh fdofxodwlrq ri wkh gluhfw wd{ udwhv iru wkh edvh |hdu lv grfxphqwhg lq Nqxgvhq/

Shghuvhq/ Shwhuvhq/ Vwhskhqvhq ) Wulhu +4<<:,1 Wkh txdqwlwdwlyh rxwfrph lv olvwhg lq

wdeoh :14 ri fkdswhu :1

Wklug/ qhw lqwhuhvw h{shqglwxuhv duh xqghuhvwlpdwhg e| 451:93 eloo1 Gnu1 Wkh lpsolflw

lqwhuhvw udwh rq wkh sxeolf ghew lv vljql�fdqwo| odujhu wkdq wkh lqwhuhvw udwh ri 8 shu

fhqw dvvxphg lq wkh prgho1 Wklv lv ehfdxvh lq dwlrq frpshqvdwlrqv dqg ulvn suhplxpv

ri wkh uhdo zruog duh qrw lqfrusrudwhg lq wkh prgho1 Iru vlpxodwlrqv zlwk wkh prgho

d +uhdo, udwh ri lqwhuhvw ri 8 shu fhqw vkrxog vwloo eh frqvlghuhg uhohydqw iru pdujlqdo

h{shulphqwv/ zkloh wkh gl�huhqfh lq ohyhov dw wkh edvh |hdu duh frpshqvdwhg iru e|

oxps vxp wudqvihuv1

Irxuwk/ ruglqdu| wudqvihuv wr krxvhkrogv duh xqghuhvwlpdwhg e| 631355 eloo1 Gnu1 Wkh

pdlq uhdvrq iru wklv lv wkdw djh ghshqghqw wudqvihuv kdv ehhq xqghuhvwlpdwhg e|

771547 eloo1 Gnu1 ehfdxvh lw kdv qrw ehhq srvvleoh wr wr glvwulexwh doo uhohydqw wudqvihuv

dw djh dqg jhqghu dqg ehfdxvh wkh ehqfkpdun srsxodwlrq ghyldwhv iurp wkh edvh |hdu

srsxodwlrq1 Wkhuh duh wkuhh pdlq fdwhjrulhv ri wudqvihuv wr krxvhkrogv lq wkh prgho1

� Shqvlrqv duh gh�qhg dv wkh vxp ri wkh jhqhudo uhwluhphqw shqvlrq lqfoxvlyh

vxssohphqwv/ flylo vhuydqwv* shqvlrqv/ shuvrqdo vxssohpqhwv/ vshfldo shqvlrqv

dqg hduo| uhwluhphqw shqvlrqv +�hiwhuoûq�, zklfk lq 4<<8 dprxqwhg wr :<1;64

eloo1 Gnu1 Lq wkh ehqfkpdun gdwd vhw zh ixuwkhu lqfoxgh khdowk uhodwhg hduo|

uhwluhphqw shqvlrqv +�iûuwlgvshqvlrq�, ri ;13;4 eloo1 Gnu1 jlyhq wr lqglylgxdov

deryh wkh prgho gh�qhg uhwluhphqw djh ri 941 Wkh dyhudjh uhwluhphqw djh zdv
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94 lq wkh edvh |hdu/ exw lq wkh prgho lw lv vlpso| dvvxphg wkdw doo lqglylgxdov

deryh wkh djh ri 94 duh shqvlrqhuv dqg wkhuhiruh wkh| fdq qrw uhflhyh khdowk

uhodwhg hduo| uhwluhphqw shqvlrqv1 Wkh dprxqw ri uhwluhphqw shqvlrqv lv wkhq

.b�H�� n H�fH� ' H.�b�2 eloo1 Gnu1 Wkhuh zhuh <;:/94: lqkdelwdqwv dw ohdvw 94

|hduv rog/ jlylqj dq dyhudjh shqvlrq ri ;:1<452<;:194: @ 313;<347 ploolrq Gnu1

Wkh qxpehu ri vwdwlrqdu| vwdwh shqvlrqhuv lq wkh ehqfkpdun gdwdvhw lv krzhyhu

446</7;;/ jlylqj wrwdo ehqfkpdun shqvlrq h{shqglwxuhv ri 434176< eloo1 Gnu1

� Edvh |hdu xqhpsor|phqw ehqh�wv duh gh�qhg dv wkh vxp ri ruglqdu| xqhp0

sor|phqw lqvxudqfh sd|phqwv dqg doo vrfldo vhfxulw| ehqh�wv +�nrqwdqwkméos�,

dowkrxjk wkh odwwhu duh qrw doorwhg wr xqhpsor|hg rqo|1 Wkhuhiruh lw lv qrw zru0

u|lqj wkdw wkh ehqfkpdun dprxqw ri 6;1965 eloo1 Gnu1 xqghuvkrrwv wkh edvh

|hdu dprxqw :1749 eloo1 Gnu1 Wkh ehqfkpdun dprxqw klqjhv rq wkh dvvxphg uh0

sodfhphqw udwlr/ K|f/ ri 9; shu fhqw zklfk lv grfxphqwhg lq Nqxgvhq/ Shghuvhq/

Shwhuvhq/ Vwhskhqvhq ) Wulhu +4<<:,1

� Djh ghshqghqw wudqvihuv duh gh�qhg dv wkh uhpdlqlqj wudqvihuv zklfk lw lv srv0

vleoh wr glvwulexwh ryhu vh{ dqg jhqghu e| phdqv ri wkh Gdqlvk jhqhudwlrqdo

dffrxqwlqj ri Mdfrevhq hw do1 +4<<:,1 Wkh| frqvlvw ri khdowk uhodwhg hduo| uh0

wluhphqw wr lqglylgxdov ri djh 4;093 |hduv/ dqg doorzdqfhv wr fkloguhq/ krxvlqj/

hgxfdwlrq dqg vlfnqhvv dqg fklogeluwk ohdyh1 Wkh xqglvwulexwhg uhpdlqlqj wudqv0

ihuv duh lq h�hfw dvvxphg wr eh xqlirupo| glvwulexwhg rq doo dgxowv ri djh 4;093

yld wkh oxps vxp wudqvihuv1

Ilqdoo| wdeoh 7 vkrzv wkdw wkh exgjhw vxusoxv ri frxuvh frqwulexwhv wr wkh oxps vxp

wudqvihu1

Wdeoh 8 vkrzv wkh qhw sxeolf ghew1

1 year value 5 year value
1. Central government net debt 578.300 115.660
2. Central bank own capital 36.227 7.245
3. Local government net debt 27.200 5.440
4. Total net public debt (1-2+3) 569.273 113.855
Note: Central government net debt includes assets at The Central Bank
          and The Social Pension Fund.
Sources: 6WDWHQV�OnQWDJQLQJ�RJ�J OG , Nationalbanken 1996, p. 56.
                %HUHWQLQJ�RJ�5HJQVNDE , Nationalbanken 1996, p. 109.
                .YDUWDOVRYHUVLJW , Nationalbanken 1997 / maj, table p. 15.

Wdeoh 81 Wkh qhw sxeolf ghew/ eloo1 Gnu1
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<1818 Fxuuhqw dffrxqw

Wdeoh 9 vkrzv wkh fxuuhqw dffrxqw �jxuhv iru 4<<81 Qhw h{sruwv/ qhw lqwhuhvw uhflhswv

dqg qhw sxeolf wudqvihuv iurp deurdg duh frpslohg dffruglqj wr qdwlrqdo dffrxqw ghi0

lqlwlrqv/ fi1 dovr wdeoh 4 dqg wdeoh 6/ zklfk ghyldwhv iurp edodqfh ri sd|phqwv vwdwlv0

wlfv1< Wkh fxuuhqw dffrxqw lv gh�qhg dffruglqj wr wkh edodqfh ri sd|phqwv vwdwlvwlfv1

Lq wkh edvh |hdu gdwd vhw/ wkh gl�huhqfh ehwzhhq wkhvh wzr vrxufhv hqgv xs lq qhw

wudqvihuv wr krxvhkrogv iurp deurdg zklfk duh fdofxodwhg uhvlgxdoo|1 Lq wkh ehqfkpdun

gdwd vhw wkh fxuuhqw dffrxqw vxusoxv lv dvvxphg wr eh }hur e| ixuwkhu pdqlsxodwlqj

wkh qhw wudqvihuv wr krxvhkrogv iurp deurdg1

Benchmark Base year
Exports 306970 306970
Imports 265573 265573
Balance on goods and services 41397 41397
Net interest reciepts -13300 -26531
Net public transfers from abroad -9030 -9030
Net transfers to households from abroad -19067 4973
Current account 0 10809

Wdeoh 91 Wkh fxuuhqw dffrxqw/ ploo Gnu1

Wkh qhw lqwhuhvw uhflhswv iurp deurdg lq wkh ehqfkpdun gdwd ghyldwhv iurp wkh edvh

|hdu �jxuh1 Wklv lv dqdorjrxv wr wkh sxeolf vhfwru qhw lqwhuhvw h{shqglwxuhv ghyldwlrq

glvfxvvhg deryh1

<1819 Frusrudwh ghew vkduh43

Mhvvhq dqg Iuhghulnvhq +4<<4, hvwlpdwhg wkdw iru trxwhg Gdqlvk frusrudwlrqv/ wkh

vkduh ri rzq �qdqflqj lq wkh wrwdo edodqfh zdv durxqg 68 shu fhqw lq 4<;<1 Krzhyhu/

wklv �jxuh uhsuhvhqwv d suredeo| fdxwlrxv dqg frqvhuydwlyh dffrxqwlqj hvwlpdwh zkhuh

dvvhwv duh ydoxdwhg dw uhsodfhphqw sulfhv1 Lq GUHDP/ frusrudwh rzq fdslwdo vkrxog

eh dvvhvvhg e| lwv pdunhw ydoxh edvhg rq wkh h{shfwhg ixwxuh hduqlqjv/ zklfk lv

sursdeo| odujhu wkdq wkh fdxwlrxv dffrxqwlqj hvwlpdwh1 Wkhuhiruh wkh rzq �qdqflqj

vkduh lv suredeo| vrphzkdw kljkhu wkdq wkh hvwlpdwh ri Mhvvhq dqg Iuhghulnvhq1 Zh

dvvxph wkdw lw lv htxdo wr 73 shu fhqw jlylqj d ghew �qdqflqj vkduh dw 93 shu fhqw1

RFHG +4<<4, irxqg wkdw wkh ghew �qdqflqj ri uhdo lqyhvwphqwv lv 98 shu fhqw lq

Ghqpdun1
<Wrwdo lpsruwv ri wdeoh 4 lqfoxgh d wdul� uhyhqxh ri 41<69 eloo1 Gnu1 zklfk lv vxewudfwhg iurp wkh

lpsruw h{shqglwxuhv ri wdeoh 91
43Wklv vxevhfwlrq uhsurgxfhv wkh zrun ri Vfkxow} Pûoohu +4<<6,1
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<181: Wkh zhdowk ri krxvhkrogv

Wdeoh 9 vkrzv wkh ehqfkpdun fdofxodwlrq ri krxvhkrogv* wrwdo dvvhwv1 Wkh ehqfkpdun

ydoxh ri wkh �up lv fdoxodwhg iurp wkh ehqfkpdun glylghqg dv ghvfulehg lq fkdswhu :1

1 year value 5 year value
1. (Net) Capital stock 2506.866 501.373
1.a.  - of which foreign capital (60 %) 1504.120 300.824
2. Value of firm 1380.483 276.097
3. Public debt 569.273 113.855
4. Net foreign assets -266.000 -53.200
5. Total household net wealth (1.a-4) 3187.876 637.575

Wdeoh 91 Wkh ehqfkpdun zhdowk ri krxvhkrogv/ eloo Gnu1

<181; Hodvwlflwlhv ri vxevwlwxwlrq

Wkh hfrqrphwulfdoo| hvwlpdwhg +frpshqvdwhg, lpsruw sulfh hodvwlflwlhv ri wkh Gdqlvk

pdfurhfrqrphwulf prgho VPHF duh frqyhuwhg wr hodvwlflwlhv ri vxevwlwxwlrq xvlqj wkh

ruglqdu| uhodwlrq ehwzhhq wkh hodvwlflw| ri vxevwlwxwlrq dqg wkh frpshqvdwhg rzq

sulfh hodvwlflw|

j(8 ' �e&
88

*7( +<166,

zkhuh j(8 lv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq wkh grphvwlf dqg wkh iruhljq

lqsxw/ e&
((

lv wkh frpshqvdwhg rzq sulfh hodvwlflw| ri lpsruwv dqg 7( ghvljqdwhv wkh

grphvwlf vkduh ri ryhudoo lqsxw frvwv +grphvwlf soxv lpsruwhg,1 Wdeoh : looxvwudwhv

krz +<166, lv xwlol}hg wr fdofxodwh wkh hodvwlflwlhv ri vxevwlwlrq iru lpsruwv edvhg rq

wkh lpsruw sulfh hodvwlflwlhv ri VPHF1 Wkh grphvwlf pdunhw vkduhv duh fdofxodwhg

iurp wkh lqsxw rxwsxw wdeoh/ fi1 wdeoh 4/ dv wkh vkduh ri wkh gholyhu| iurp grphvwlf

surgxfwlrq lq wkh wrwdo gholyhu| +grphvwlf soxv lpsruwv, wr wkh ghpdqg fdwhjru| lq

txhvwlrq1 Lw vkrxog eh qrwhg wkdw wkh glvdjjuhjdwlrq ri lpsruwv lq VPHF lv rqo|

frpsdwleoh zlwk wkdw ri GUHDP dv d urxjk dssur{lpdwlrq1

(1) (2) (3)=(1)/(2) (4) (5)=(1)/(4)
Import price Domestic Elasticity of Domestic Elasticity of

elasticity market share substitution market share substitution
Materials inputs -0.9 0.75 1.2 0.87 1.0
Private consumption -1.2 0.79 1.5
Investments -1.2 0.79 1.5 0.91 1.3

Source: The import price elasticities are based on SMEC, cf. Det økonomiske Råd (1994).

Private sector Public sector

Wdeoh :1 Fdofxodwlrq ri wkh lpsruw hodvwlflwlhv ri vxevwlwxwlrq
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Lq DGDP wkh orqj uxq xqfrpshqvdwhg rzq sulfh hodvwlflw| ri vhuylfhv lq sulydwh frq0

vxpswlrq lv hvwlpdwhg wr 04139/ fi1 Gdp +4<<9,1 Prvw ri wkh jryhuqphwdoo| surgxfhg

jrrg lq sulydwh frqvxpswlrq frqvlvwv ri vhuylfhv1 Zh wkhuhiruh dvvxph wkdw wkh rzq

sulfh hodvwlflw| ri wkh jryhuqphqwdoo| surgxfhg jrrg lq sulydwh frqvxpswlrq lv 041391

Wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq wkh sulydwh dqg wkh jryhuqphqwdoo| surgxfhg

jrrg lq sulydwh frqvxpswlrq/ jC� / lv fdofxodwhg xvlqj wkh ruglqdu| irupxod

jC� '
eCC � 7C
7C � �

'
���fS� f�feD

f�feD� �
' ���

zkhuh eCC lv wkh xqfrpshqvdwhg rzq sulfh hodvwlflw| ri wkh jryhuqphqwdoo| surgxfhg

jrrg dqg 7C lv wkh frvw vkduh ri wkdw jrrg zklfk lv fdofxodwhg iurp wdeoh 41
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