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4 Lqwurgxfwlrq 7

5 Wkh VSLULW LLL Lqvwuxphqw 7

6 Wkh PV[ Fhohvwldo Edfnjurxqg Vxuyh|v 8

614 Wkh Jdodfwlf sodqh vxuyh| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9
615 Duhdv Plvvhg e| LUDV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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 Gdwd Surfhvvlqj dqg Fdoleudwlrq :

714 PV[ Gdwd Slsholqh dqg FRQYHUW Surfhvvlqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;
71414 Ohyho 3 0 Udz Whohphwu| Gdwd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;
71415 Ohyho 4 dqg 4D Whohphwu| Gdwd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;
71416 Gdwd Surfhvvlqj Fhqwhu +GSF, dw VGO 1 1 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
71417 Gh�qlwlyh Dwwlwxgh Ilohv 1 1 1 1 1 1 1 1 1 1 1 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
71418 Wkh FRQYHUW Surfhvv 1 1 1 1 1 1 1 1 1 1 1 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

715 Fdoleudwlrq dqg Udglrphwhu Lqvwuxphqw Surgxfwv 1 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
71514 Fdoleudwlrq Phwkrgrorj| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46
71515 Fhuwl�fdwlrq ri Ohyho 5 Gdwd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48

716 Fhohvwldo Dxwrpdwhg Surfhvv 1 1 1 1 1 1 1 1 1 1 1 1 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:
71614 Vrxufh H{wudfwlrq Dojrulwkp 1 1 1 1 1 1 1 1 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:
71615 Phujlqj Pxowlsoh Revhuydwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 55
71616 Ghwhuplqdwlrq ri Fdwdorjxhg Vrxufh Sdudphwhuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58
71617 Iodjv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59

8 Fdwdorj Ghwdlov 5;

814 Vrxufh Vwdwlvwlfv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63
815 Iodj Vwdwlvwlfv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63

81514 Iox{ txdolw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63
81515 Yduldelolw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63
81516 Frqixvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64
81517 Phdvxuhphqw Uholdelolw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64

9 Dqdo|vlv ri Uhvxowv 67

914 Skrwrphwulf Dffxudf| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67
91414 Fdoleudwlrq Vwduv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67
91415 Jdodfwlf Sodqh Vxuyh| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6<

915 Srvlwlrqdo Dffxudf| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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:
91514 Wkh Jdodfwlf sodqh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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:
91515 Wkh duhdv plvvhg e| LUDV 1 1 1 1 1 1 1 1 1 1 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:

: Uholdelolw| dqg Frpsohwhqhvv 7<

:14 Edqg D 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 85
:15 Edqgv E4 dqg E5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 96
:16 Edqg F 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 96
:17 Edqg G 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 96
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:18 Edqg 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 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 96

; Ilqdo Qrwhv wr wkh Xvhu 97

;14 Fdyhdwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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
;1414 Duwlidfwv Qhdu Euljkw Vrxufhv 1 1 1 1 1 1 1 1 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
;1415 Hplvvlrq Ulgjh Olqh Vrxufhv 1 1 1 1 1 1 1 1 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
;1416 Vrxufhv Qhdu wkh Qruwk Hfolswlf Sroh 1 1 1 1 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

;15 Sodqqhg Xsgdwhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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
;1514 Joredo Plqlpl}dwlrq2FRQYHUW 9 Surfhvvlqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 98
;1515 Srlqwlqj Uh�qhphqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 98
;1516 SVF Dojrulwkp Xsgdwhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 98

D VSLULW LLL UHODWLYH VSHFWUDO UHVSRQVH 98

E VSLULW LLL HIIHFWLYH ZDYHOHQJWK WDEOHV 99

F VSLULW LLL SKRWRPHWULF FRQYHUVLRQV 99

G VSLULW LLL FRORU FRUUHFWLRQ WDEOHV 99

w�t| Lu 6�}�hit

4 PV[ Vxuyh| fryhudjh lq Jdodfwlf frruglqdwhv1 1 1 1 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
5 Vfkhpdwlf gldjudp ri PV[ gdwd�rz iurp vsdfhfudiw wr hqg0xvhu1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <
6 VSLULW LLL fdoleudwlrq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46
7 D uhsuhvhqwdwlrq ri eldv dqg xqfhuwdlqwlhv xvhg lq Htxdwlrq +7,1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49
8 Edqg E4 fdoleudwlrq vwduv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68
9 Edqg E5 fdoleudwlrq vwduv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69
: Edqg D fdoleudwlrq vwduv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69
; Edqg F fdoleudwlrq vwduv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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:
< Edqg G fdoleudwlrq vwduv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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:
43 Edqg H fdoleudwlrq vwduv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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;
44 Txrwhg 4� xqfhuwdlqwlhv lq edqg E4 �x{ ghqvlw|1 1 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<
45 Txrwhg 4� xqfhuwdlqwlhv lq edqg E5 �x{ ghqvlw|1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 73
46 Txrwhg 4� xqfhuwdlqwlhv lq edqg D �x{ ghqvlw|1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74
47 Txrwhg 4� xqfhuwdlqwlhv lq edqg F �x{ ghqvlw|1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75
48 Txrwhg 4� xqfhuwdlqwlhv lq edqg G �x{ ghqvlw|1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75
49 Txrwhg 4� xqfhuwdlqwlhv lq edqg H �x{ ghqvlw|1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76
4: Edqg E4 phdvxuhphqwv yhuvxv LUDV edvhg suhglfwhg �x{hv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76
4; Edqg E5 phdvxuhphqwv yhuvxv LUDV edvhg suhglfwhg �x{hv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 77
4< Edqg D phdvxuhphqwv yhuvxv LUDV edvhg suhglfwhg �x{hv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 77
53 Edqg F phdvxuhphqwv yhuvxv LUDV edvhg suhglfwhg �x{hv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 78
54 Edqg G phdvxuhphqwv yhuvxv LUDV edvhg suhglfwhg �x{hv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 78
55 Edqg H phdvxuhphqwv yhuvxv LUDV edvhg suhglfwhg �x{hv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 79
56 Txrwhg lq0vfdq srvlwlrq xqfhuwdlqwlhv +4�, ri wkh Jdodfwlf sodqh vrxufhv1 1 1 1 1 1 1 1 1 1 1 1 1 7;
57 Txrwhg furvv0vfdq srvlwlrq xqfhuwdlqwlhv +4�, ri wkh Jdodfwlf sodqh vrxufhv1 1 1 1 1 1 1 1 1 1 1 7;
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58 Srvlwlrq huuru +wuxwk � phdvxuhg, glvwulexwlrq ri Jdodfwlf sodqh vrxufhv1 1 1 1 1 1 1 1 1 1 1 1 1 83
59 Txrwhg lq0vfdq srvlwlrq xqfhuwdlqwlhv +4�, ri wkh LUDV Jds vrxufhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 83
5: Txrwhg furvv0vfdq srvlwlrq xqfhuwdlqwlhv +4�, ri wkh LUDV Jds vrxufhv1 1 1 1 1 1 1 1 1 1 1 1 1 84
5; Srvlwlrq huuru +wuxwk � phdvxuhg, glvwulexwlrq ri LUDV Jds vrxufhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 84
5< PV[ SVF vrxufh frxqwv/ LUDV Jds 51 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 86
63 PV[ SVF vrxufh frxqwv/ LUDV Jds 41 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 87
64 PV[ SVF vrxufh frxqwv/ 3 ? o � 781 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 88
65 PV[ SVF vrxufh frxqwv/ 78 ? o � <31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 89
66 PV[ SVF vrxufh frxqwv/ <3 ? o � 4681 1 1 1 1 1 1 1 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:
67 PV[ SVF vrxufh frxqwv/ 468 ? o � 4;31 1 1 1 1 1 1 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;
68 PV[ SVF vrxufh frxqwv/ 4;3 ? o � 5581 1 1 1 1 1 1 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<
69 PV[ SVF vrxufh frxqwv/ 558 ? o � 5:31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 93
6: PV[ SVF vrxufh frxqwv/ 5:3 ? o � 6481 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 94
6; PV[ SVF vrxufh frxqwv/ 648 ? o � 6931 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 95

w�t| Lu A@M*it

4 VSLULW LLL Vshfwudo Edqgv 1 1 1 1 1 1 1 1 1 1 1 1 1 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
5 PV[ GSF Surgxfwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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
6 VSLULW LLL Sulpdu| Fdoleudwlrq Vwduv 1 1 1 1 1 1 1 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
7 GFDWW Fhuwl�hg Luudgldqfh Dffxudf| Ydoxhv iurp FRQYHUW 813 +Wisd ? 4613 N, 1 1 1 1 1 4:
8 Iox{ Txdolw| �dj ohyhov1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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:
9 Irupdw ri PV[ Srlqw Vrxufh Fdwdorj �ohv 1 1 1 1 1 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;
: Vrxufh frxqw qxpehuv e| edqg dqg orfdwlrq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63
; Vwdwlvwlfv ri Iox{ Txdolw| Iodjv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 65
< Vwdwlvwlfv ri Yduldelolw| Iodjv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 65
43 Vwdwlvwlfv ri Frqixvlrq Iodjv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 66
44 Vwdwlvwlfv ri Phdvxuhphqw Uholdelolw| Iodjv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 66
45 PV[ SVF fdoleudwlrq uhvxowv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68
46 Froru frgh ri Iox{ Txdolw| �dj1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74
47 PV[ SVF srvlwlrqdo xqfhuwdlqwlhv1 1 1 1 1 1 1 1 1 1 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<
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Wkh Plgfrxuvh Vsdfh H{shulphqw +PV[, zdv d pxowl0glvflsolqh h{shulphqw vsrqvruhg e| wkh Edoolvwlf Plvvloh
Ghihqvh Rujdql}dwlrq1 Lw zdv ghvljqhg wr fkdudfwhul}h wkh skhqrphqrorjlhv shuwlqhqw wr plgfrxuvh wdujhw
ghwhfwlrq/ dftxlvlwlrq dqg wudfn1 Wkhuh zhuh hljkw sulqflsdo lqyhvwljdwru +SL, whdpv= wkuhh dgguhvvlqj gl�hu0
hqw dvshfwv ri wdujhw ghwhfwlrq dqg skhqrphqrorj|> wzr dgguhvvlqj whfkqrorj| lvvxhv uhodwhg wr wkh frqgxfw
ri d vsdfh0edvhg lqiuduhg h{shulphqw> rqh whdp revhuyhg wkh hduwk dqg lwv dwprvskhuh lq wkh lqiuduhg zkloh
dqrwkhu whdp revhuyhg lw lq wkh xowudylrohw dqg ylvleoh> wkh hljkwk SL whdp zdv uhvsrqvleoh iru lqiuduhg dqg
xowudylrohw dvwurqrp| phdvxuhphqwv1 Ploo hw do1 +4<<7, jlyh dq ryhuylhz ri wkh plvvlrq/ lwv remhfwlyhv/ dqg
wkh lqvwuxphqwv rq wkh vdwhoolwh1

Wkh sulqflsdo remhfwlyh ri wkh PV[ dvwurqrp| h{shulphqwv zdv wr frpsohwh wkh fhqvxv ri wkh plg0
lqiuduhg vn|1 H{shulphqwv zhuh ghvljqhg wr fryhu wkh uhjlrqv hlwkhu plvvhg e| wkh XV2Qhwkhuodqgv2XN
Lqiuduhg Dvwurqrp| Vdwhoolwh +LUDV, dqg wkh Frvplf Edfnjurxqg H{soruhu2Gl�xvh Lqiuduhg Edfnjurxqg
H{shulphqw +FREH2GLUEH, ru zkhuh wkh vhqvlwlylw| ri LUDV zdv ghjudghg e| frqixvlrq qrlvh dulvlqj lq
uhjlrqv ri kljk vrxufh ghqvlwlhv ru vwuxfwxuhg h{whqghg hplvvlrq1 Wkh }rgldfdo iruhjurxqg zdv vdpsohg iurp
wkh sroh wr wkh sodqh dqg iurp wkh dqwl0vrodu gluhfwlrq wr zlwklq 55� ri wkh vxq1 Dqrwkhu h{shulphqw vxuyh|hg
wkh duhdv plvvhg e| LUDV ru fryhuhg e| rqo| d vlqjoh LUDV KFRQ1 Doo wkh duhdv odehohg dv frqixvhg lq wkh
LUDV gdwd surgxfwv zhuh vxuyh|hg/ lqfoxglqj wkh hqwluh Jdodfwlf sodqh1

Wkh Plgfrxuvh Vsdfh H{shulphqw Srlqw Vrxufh Fdwdorj Yhuvlrq 413 olvwv wkh vrxufhv ghwhfwhg lq wkh
PV[ Lqiuduhg Jdodfwlf Sodqh Vxuyh| dqg wkh Vxuyh| ri Duhdv Plvvhg e| LUDV +Vhh Sulfh hw do1/ 4<<;/ iru
ghwdlov rq wkh PV[ dvwurqrp| h{shulphqwv,1Wkh vrxufh h{wudfwlrq vriwzduh dxwrpdwlfdoo| h{wudfwv doo srlqw
vrxufhv zlwk vljqdo0wr0qrlvh udwlr A6 iurp wkh Fhohvwldo Edfnjurxqg gdwd1 Wkh PV[ vxuyh| h{shulphqwv xvh
uhgxqgdqw vfdqv ri dq duhd wr lqfuhdvh frpsohwhqhvv dqg uholdelolw|/ lq pxfk wkh vdph zd| wkdw wkh LUDV
vxuyh| uhtxluhg pxowlsoh KFRQ frq�updwlrq ri vrxufhv1

Lq wklv H{sodqdwru| Jxlgh wr wkh PV[ Srlqw Vrxufh Fdwdorj/ zh eulh�| ghvfuleh wkh lqvwuxphqwdwlrq
dqg wkh h{shulphqwv/ iroorzhg e| d ghwdlohg glvfxvvlrq ri wkh fdoleudwlrq dqg gdwd surfhvvlqj1 Ilqdoo|/ zh
ghvfuleh wkh fdwdorj frqwhqwv dqg suhvhqw dqdo|vhv ri wkh uholdelolw| ri wkh txrwhg �x{hv dqg srvlwlrqv/ dqg
wkh frpsohwhqhvv dqg uholdelolw| ri wkh fdwdorj dv d zkroh1

2 A�i 5�W+WA WWW W?t|h�4i?|

Wkh lqiuduhg lqvwuxphqw rq PV[/ ghvljqdwhg VSLULW LLL iru klvwrulfdo uhjlrqv/ lv d 68 fp fohdu dshuwxuh
r�0d{lv whohvfrsh zlwk �yh olqh vfdqqhg lqiuduhg irfdo sodqh duud|v dqg dq dshuwxuh vkduhg lqwhuihurphwhu1
Wkh h�hfwlyh dshuwxuh ri wkh udglrphwhu zdv uhgxfhg wr derxw 66 fp e| d O|rw vwrs wkdw uhgxfhg wkh r�0d{lv
udgldwlrq iurp wkh Hduwk iru wkh dwprvskhulf phdvxuhphqwv1 Wkh hqwluh v|vwhp zdv frrohg e| d vlqjoh vrolg
K5 fu|rvwdw1 Wkh Vl=Dv ElE duud|v kdg hljkw froxpqv ri ghwhfwruv/ hdfk frqvlvwlqj ri 4<5 urzv ri 4;1633

vtxduh sl{hov1 Kdoi wkh froxpqv lq hdfk duud| zhuh r�vhw iurp wkh rwkhu kdoi e| 318 sl{ho/ surylglqj Q|txlvw
vdpsolqj lq wkh furvv vfdq gluhfwlrq1 Wkh vhqvru v|vwhp sdudphwhuv duh suhvhqwhg lq Wdeoh 41

Wr uhgxfh wkh whohphwu| udwh/ rqo| kdoi wkh froxpqv zhuh dfwlyh dv lqglfdwhg lq wkh wdeoh> dw ohdvw rqh
froxpq zdv dfwlyh rq hlwkhu vlgh ri wkh vwdjjhu1 Edqg E zdv glylghg lq kdoi lq furvv0vfdq e| wzr gl�huhqw
�owhuv fhqwhuhg rq wkh 716 �p dwprvskhulf FR5 edqg1 Wklv eorfnhg derxw 43( ri wkh sl{hov xqghu wkh �owhu
pdvn/ rwkhuzlvh ohvv wkdq 6( ri wkh irfdo sodqh ghwhfwruv zhuh qrq0uhvsrqvlyh ru uhmhfwhg iru ydulrxv uhdvrqv1

Wkh fkrlfh ri �owhuv zdv lq�xhqfhg e| wkh lqiuduhg vshfwudo fkdudfwhu ri wkh Hduwk*v dwprvskhuh1 Edqgv
E dqg G duh fhqwhuhg rq wkh 715 dqg 48 �p FR5 dwprvskhulf ihdwxuhv/ uhvshfwlyho|> wkh rwkhuv duh zlqgrz
uhjlrqv/ dw ohdvw lq wkh xsshu dwprvskhuh1 Edqg D lv wkh prvw vhqvlwlyh dqg fryhuv d vshfwudo uhjlrq qrw
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suhylrxvo| vxuyh|hg h{whqvlyho|1 Edqg F lv d qduurzhu dqdorj ri wkh 45 �p �owhu xvhg rq rwkhu pdmru vsdfh
edvhg lqiuduhg dvwurqrp| vxuyh| h{shulphqwv/ LUDV edqg 4 dqg FREH2GLUEH edqg 81 Edqg H lv d jrrg
dqdorj ri wkh FREH2GLUEH edqg 9/ wkh odwwhu frpprqo| frpsduhg zlwk wkh LUDV 58 �p edqg1 Wkh vrxufh
ixqfwlrq iru wkh lvrskrwdo zdyhohqjwk/ edqgzlgwk dqg wkh }hur pdjqlwxgh �x{ lv wkh Nxuxf} prgho iru �
O|u wdnhq iurp Frkhq hw do1 +4<<5,1 Wkh ghwdlohg uhodwlyh vshfwudo uhvsrqvh +UVU, iru hdfk edqg lv jlyhq lq
Dsshqgl{ D ri wklv grfxphqw1

Wkh VSLULW LLL lqvwuxphqw zdv h{whqvlyho| fdoleudwhg erwk rq wkh jurxqg dqg lq ruelw1 Wkh jurxqg fdo0
leudwlrq phdvxuhg wkh hqwluh wkurxjksxw ri wkh lqvwuxphqw e| phdqv ri d vshfldoo| frqvwuxfwhg fu|rjhqlfdoo|
frrohg ydfxxp fkdpehu wr zklfk wkh whohvfrsh zdv dwwdfkhg1 Wkh fkdpehu xvhg d ydulhw| ri vwdqgdug vrxufhv/
doo ri zklfk duh gluhfwo| wudfhdeoh wr Qdwlrqdo Lqvwlwxwh iru Vwdqgdugv dqg Whfkqrorj| +QLVW, uhihuhqfhv1
Wkh 43( gxw| f|foh ri wkh VSLULW LLL lqvwuxphqw dqg wkh zlgh udqjh ri hqylurqphqwv dqg edfnjurxqgv wr
zklfk wkh whohvfrsh zdv vxemhfwhg phdqw wkdw wkh rshudwlqj frqglwlrqv ri wkh lqvwuxphqw zhuh g|qdplf1 Wkh
irfdo sodqh dovr zduphg xs dv wkh k|gurjhq lq wkh fu|rvwdw hydsrudwhg zklfk uhvxowhg lq lqfuhdvlqj gdun
fxuuhqw dqg gdun fxuuhqw qrlvh zlwk wlph1 Wkh jurxqg fdoleudwlrq ghwhuplqhg wkh uhodwlyh yduldwlrq zlwk
whpshudwxuh ri doo vljql�fdqw sdudphwhuv/ vxfk dv uhvsrqvh/ olqhdulw|/ gdun fxuuhqw dqg �dw �hoglqj1 Wkh
uhvxowv ri h{whqvlyh rq0ruelw fdoleudwlrq h{shulphqwv zhuh xvhg wr dgmxvw wkh lqlwldo uhvsrqvh sdudphwhuv dqg
wr uhgxfh wkh skrwrphwulf xqfhuwdlqwlhv1 Wkh rq0ruelw uhihuhqfhv lqfoxghg vwhoodu vwdqgdugv dv zhoo dv �yh
uhihuhqfh vskhuhv uhohdvhg dw ydulrxv wlphv gxulqj wkh plvvlrq1 Wkh xqfhuwdlqwlhv txrwhg lq Wdeoh 4 duh rq
wkh devroxwh ydoxh ri wkh skrwrphwu|1 Wkhvh duh frqvhuydwlyh e| dvwurqrplfdo vwdqgdugv zklfk xvxdoo| txrwh
suhflvlrq/ ru uhshdwdelolw| ri wkh �x{ phdvxuhphqw1 Wkh PV[ suhflvlrq lv 506( lq doo vshfwudo edqgv1

Wkh vhqvlwlylw| udqjh hqwulhv lq Wdeoh 4 duh hvwlpdwhv iurp wkh ehjlqqlqj dqg hqg ri wkh plvvlrq1 Zlwk d
vsulqj odxqfk/ doprvw doo ri wkh kljkhvw sulrulw| phdvxuhphqw remhfwlyhv zhuh rewdlqhg lq wkh �uvw kdoi ri wkh
plvvlrq1 Wklv lqfoxghv wkh Jdodfwlf sodqh vxuyh| ri txdgudqwv L dqg LY/ zklfk frqwdlq wkh kljkhvw vrxufh
ghqvlwlhv dqg wkh pdmrulw| ri h{whqghg/ gl�xvh hplvvlrq1 Wkh txrwhg dffxudflhv iru skrwrphwu| duh iru wkh
fdoleudwlrq frqvwdqwv xvhg zlwk wkh shqxowlpdwh yhuvlrq ri wkh surfhvvlqj vriwzduh1

� A�i �5j �i*it|�@* �@U!}hL�?_ 5�h�i)t

Wkh vsdwldo uhvroxwlrq +4;1633, dqg kljk vhqvlwlylw| +314 M| dw ;16 �p, dw d udslg vfdq udwh +xs wr 31458 vt1
ghj2vhf, pdgh VSLULW LLL rq PV[ dq lghdo vxuyh| lqvwuxphqw1 Iljxuh 4 vkrzv wkh duhdv fryhuhg e| wkh
ydulrxv PV[ h{shulphqwv rq dq Dlwr� htxdo duhd sorw lq Jdodfwlf frruglqdwhv1 Wkh qhduo| flufxodu/ r�0fhqwhu
vwulsv kljkoljkw wkh 7( ri wkh vn| LUDV glg qrw vxuyh|1 Wkh 43� zlgh krul}rqwdo edqg dfurvv wkh fhqwhu ri

�@?_ �L WtLT�L|@* DfI WtLT�L|@* ~ihL �Mt� 5�h�i) ,giU|��i 6�V

@U|��i �E�p� Ti@! �` E�p� 4@} ��L|L4� 5i?t� HIRY
UL*t� �?|i?t�|) �� Ea)� �UU�h@U) Ea)� +�43�< vu,
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Wdeoh 4= VSLULW LLL Vshfwudo Edqgv
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Iljxuh 4= PV[ Vxuyh| fryhudjh lq Jdodfwlf frruglqdwhv1

wkh sorw lv wkh PV[ vxuyh| ri wkh Jdodfwlf Sodqh1 Dffruglqj wr wkh LUDV H{sodqdwru| Vxssohphqw/ wkh
kljk vrxufh ghqvlwlhv dqg vwuxfwxuhg edfnjurxqg ryhu 	 433� orqjlwxgh zuh vrxufhv ri foxwwhu qrlvh zklfk
ghjudghg wkh LUDV vhqvlwlylw|1 PV[ dovr pdsshg wkrvh uhjlrqv dzd| iurp wkh sodqh zklfk LUDV odehohg
dv frqixvhg1 Wkhvh sdwfkhv dw ydulrxv sodfhv lq wkh vn| duh lvrodwhg uhjlrqv ri frpsoh{ h{whqghg hplvvlrq
ru kljk vrxufh ghqvlw|= prohfxodu forxgv/ K LL uhjlrqv dqg ydulrxv jdod{lhv vxfk dv wkh Odujh dqg Vpdoo
Pdjhoodqlf Forxgv1 Wkh vxuyh| phdvxuhphqwv zhuh pdgh zlwk orqj vfdqv ghvljqhg wr txlfno| fryhu wkh
ghvljqdwhg duhd1 Wkh qrplqdo vfdq udwh zdv 31458� shu vhf +51;8 vdpsohv2gzhoo, dqg ohqjwk ri wkh vfdqv
ydulhg ehwzhhq 455� iru wkh vkruwhu vfdqv lq duhdv plvvhg e| wkh LUDV h{shulphqw/ wr 4;5� iru wkh Jdodfwlf
sodqh vxuyh|1

��� A�i B@*@U|�U T*@?i t�h�i)

Frqixvlrq ghjudghg wkh LUDV vhqvlwlylw| zkhq wkh vrxufh ghqvlw| h{fhhghg �732vt1 ghj1 Wkh PV[ sl{hov duh
�68 wlphv vpdoohu wkdq wkh LUDV plg0lqiuduhg ghwhfwruv1 Wklv/ dqg wkh ehwwhu Edqg D lqkhuhqw vhqvlwlylw|/
hqdeohg PV[ wr sureh idu ghhshu lqwr wkh Jdodfwlf Sodqh wkdq LUDV1 PV[ vxuyh|hg wkh Jdodfwlf sodqh wr
	 8� odwlwxgh1 Lqglylgxdo vfdqv zhuh dorqj frqvwdqw Jdodfwlf odwlwxgh dw d qrplqdo udwh ri 31458�@ vhf1 Wkh
vfdq udwh zdv uhgxfhg wr 314�@ vhf wkh odvw wzr prqwkv ri wkh plvvlrq wr sduwldoo| frpshqvdwh iru kljkhu gdun
fxuuhqw qrlvh1 Dgmdfhqw vfdqv lq d vlqjoh vxuyh| zhuh r�vhw e| �3178�/ uhvxowlqj lq vlqjoh fryhudjh lq hdfk ri
wkh E edqgv dqg uhgxqgdqw fryhudjh lq wkh rwkhu edqgv1 D vhfrqg vxuyh|/ zlwk vfdqv r�vhw e| 315� iurp wkh
�uvw/ fryhuhg wkh Jdodfwlf sodqh wr 	 6� odwlwxgh dqg wkh duhd ehwzhhq 633� wr 453� orqjlwxgh rxw wr 	 718�

odwlwxgh1 Wzhqw|0wkuhh 4� � 6� udvwhu vfdq revhuydwlrqv dw vhohfwhg orfdwlrqv lq wkh Jdodfwlf sodqh surylgh
hyhq ghhshu surehv ri Jdodfwlf vwuxfwxuh dqg ydolgdwlrq ri wkh uholdelolw| dqg frpsohwhqhvv ri wkh Jdodfwlf
sodqh vxuyh|1

Wkh PV[ vxuyh| revhuydwlrqv zhuh phgldq �owhuhg wr uhpryh wkh edfnjurxqg dqg sdwwhuq qrlvh iurp
gdun fxuuhqw huuru1 Wkh orz iuhtxhqf| frpsrqhqw ri wkh phgldq �owhu zdv vdyhg lqwr wkh gl�xvh edfnjurxqg
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�oh1 Wkh �owhuhg +edfnjurxqg vxewudfwhg, gdwd lv furvv0fruuhodwhg zlwk wkh phdq Srlqw Uhvsrqvh Ixqfwlrq
+SUI, lq hdfk edqg1 Srwhqwldo vrxufhv duh h{wudfwhg xvlqj d vljqdo wr qrlvh fulwhulrq1 Wkh �x{ dqg srvlwlrq
ri wkh srwhqwldo vrxufh lv txdqwl�hg e| d fkl0vtxduh vlpxowdqhrxv �w ri �x{ dqg srvlwlrq xvlqj wkh srvlwlrq
ghshqghqw srlqw uhvsrqvh ixqfwlrq1 Wkh srvlwlrq ghshqghqfh ri wkh SUI kdv wkh voljkw yduldwlrq lq SUI
vkdsh ryhu wkh irfdo sodqh duud| lq furvv0vfdq1 Wkh yduldqfhv xvhg lq wkh fkl0vtxduh �w duh vxp ri wkh vtxduhv
ri wkh fdofxodwhg qrlvh dqg wkh Srlvvrq skrwrq qrlvh1 Pxowl0edqg revhuydwlrqv duh frpelqhg/ wkhq uhgxqgdqw
revhuydwlrqv iurp ryhuodsslqj vfdqv duh irxqg dqg d jhrphwulf phdq ri wkh �x{hv duh fdofxodwhg +yduldelolw|
ehlqj qrwhg,1 Edqg phujlqj lv grqh �uvw dv wkh orfdo uhodwlyh srvlwlrqv duh pxfk pruh dffxudwh wkdq wkrvh
iurp ryhuodsslqj vfdqv1

Yhuvlrq 413 ri wkh PV[ Jdodfwlf sodqh vxuyh| fdwdorj frqwdlqv 656/385 vrxufhv +wkuhh wlphv dv pdq| dv
LUDV lq wkh vdph uhjlrq,1 Wkh vhqvlwlylw| hvwlpdwhv lq Wdeoh 4 duh edvhg rq gl�huhqwldo vrxufh ghqvlw| yv1
�x{ sorwv iru wkh h{wudfwhg vrxufhv1 Vlqfh wkh uhvsrqvh ryhu wkh sl{hov lq dq duud| lv txlwh xqlirup +sl{hov
zlwk uhvsrqvh A8( iurp wkh phdq zhuh uhmhfwhg, vxfk dq hvwlpdwh uh�hfwv wkh olplw ri frpsohwhqhvv1 Wkh
uhgxqgdqf| lq wkh ryhuodsslqj vfdqv lv xvhg wr hvwdeolvk uholdelolw|1 Wkh vhfrqg vhw ri uhgxqgdqw vfdqv zdv
h{hfxwhg dssur{lpdwho| wzr prqwkv diwhu wkh �uvw/ wlph hqrxjk iru pdq| ri wkh yduldeoh vwduv wr pdqlihvw
wkhlu wlph ghshqghqw euljkwqhvv1 Wkh yduldelolw| lv qrwhg lq wkh vrxufh olvw1

��2 �hi@t ��tti_ M) W+�5

Dssur{lpdwho| 7( ri wkh vn| lv plvvlqj iurp wkh LUDV fdwdorjv/ ehfdxvh wkhvh duhdv zhuh hlwkhu qhyhu
vxuyh|hg/ ru vxuyh|hg rqo| rqfh ehiruh wkh fu|rjhq derdug LUDV zdv ghsohwhg1 Wr frpsohwh wkh zkroh vn|
fdwdorj ri plg0LU vrxufhv/ wkh PV[ vdwhoolwh vxuyh|hg wkh wzr fryhudjh jdsv ehwzhhq hfolswlf orqjlwxghv ri
48:18� 0 498� +uhihuuhg wr dv Jds 4, dqg 66;� dqg 6771:� +Jds 5,1 Dv lq wkh Jdodfwlf sodqh vxuyh|/ wkh
qrplqdo vfdq udwh zdv 31458�@v1 Iru vfdqv odwhu lq wkh plvvlrq/ wkh vfdq udwh zdv vorzhg wr 313958�@v lq
rughu wr uhfryhu vrph ri wkh vhqvlwlylw| orvw e| wkh zduplqj ri wkh irfdo sodqh1 Lqwhuohdyhg vkruw +455� ru
463�, dqg orqj +48:� ru 494�, vfdqv zhuh shuiruphg/ xvlqj frqh dqg forfn dqjoh vfdqv wr uhsurgxfh LUDV0olnh
fryhudjh sdwwhuqv1 Wkh vfdqv zhuh lqwhuohdyhg vxfk wkdw d plqlpxp ri wkuhh uhgxqgdqw sdvvhv ryhu hdfk
duhd zhuh pdgh1 Wkh LUDV jds sruwlrq ri wkh PV[ SVF Yhuvlrq 413 frqwdlqv 9/593 vrxufhv1

e #@|@ �hLUitt�?} @?_ �@*�Mh@|�L?

Wkh glyhuvlw| ri PV[ h{shulphqwdo remhfwlyhv uhtxluhg d zlgh udqjh ri revhuylqj frqglwlrqv/ iurp orrnlqj dw
ghhs vsdfh wr revhuylqj wkh Hduwk*v olpe dqg kdug Hduwk1 VSLULW LLL kdg wzr rshudwlqj prghv dqg vhyhudo
jdlq vwdwhv wr dffrpprgdwh wkh udqjh ri edfnjurxqgv dqg lpdjlqj udwhv1 Rqh prgh xvhg dq lqwhuqdo vfdq
pluuru wr udslgo| vzhhs rxw d 4� � 4=8� ru 4� � 6� �hog dw d kljk gdwd udwh +58Pesv,1 Wkh pruh vhqvlwlyh
pluuru �{hg prgh xvhg rq wkh Fhohvwldo Edfnjurxqg h{shulphqwv kdg wkh vsdfhfudiw pryh wr vxuyh| wkh
duhd ri lqwhuhvw1 Wkh lqwhjudwlrq wlphv duh orqjhu lq wklv prgh dqg wkh gdwd udwh lv fruuhvsrqglqjo| orzhu +8
Pesv,1 Wkh lqvwuxphqw dovr kdg wkuhh jdlq vwdwhv iru wkh pluuru vfdq prgh dqg irxu jdlqv lq wkh pluuru �{hg
prgh1 Doo wkh Fhohvwldo Edfnjurxqg h{shulphqwv zhuh wdnhq lq wkh pluuru �{hg prgh dqg odujh pdmrulw|
xvhg wkh kljkhvw jdlq1

Wkh PV[ surjudp dvvljqhg wkh uhvsrqvlelolw| iru jhqhudwlqj fdoleudwhg gdwd wr wkh vhqvru pdqxidfwxuhu/
Vsdfh G|qdplfv Oderudwru| +VGO, ri wkh Xwdk Vwdwh Xqlyhuvlw| +XVX, wr dvvxuh wkdw wkh hqwluh rshudwlqj
udqjh ri wkh vhqvru zdv fdoleudwhg dqg wkdw wkh ydulrxv SL whdpv rewdlqhg wkh vdph fdoleudwhg uhvxowv1 VGO
qrw rqo| kdg wkh uhvsrqvlelolw| iru fdoleudwlqj wkh lqvwuxphqw dqg fkdudfwhul}lqj wkh rq0ruelw shuirupdqfh
exw dovr wr fuhdwh wkh vriwzduh/ fdoohg FRQYHUW/ wkdw frqyhuwhg wkh whohphwu| gdwd vwuhdp lqwr vflhqwl�f

:



xqlwv1 FRQYHUW zdv vxssolhg wr wkh Gdwd Dqdo|vlv Fhqwhuv +GDFv, wkdw vxssruwhg hdfk SL whdp1 Wkh
SL whdpv zhuh uhtxluhg wr xvh wklv vriwzduh wr rewdlq surjudp _fhuwl�hg% uhvxowv1 Wkh SL whdpv fuhdwhg wkh
dxwrpdwhg surfhvvlqj wkdw surfhvvhg wkh FRQYHUW rxwsxw lqwr dqdo|}deoh surgxfwv1

Wkh Gdwd Fhuwl�fdwlrq dqg Whfkqrorj| Whdp +GFDWW,/ zlwk Gu1 Wkrpdv Pxugrfn dv SL/ zdv jlyhq
wkh uhvsrqvlelolw| wr ydolgdwh wkh fdoleudwlrq surfhvv dqg wr ehwd whvw dqg fhuwli| wkh vriwzduh1 Gu1 Ud|
Uxvvhoo zdv wkh GFDWW whdp phpehu zkr surylghg gluhfw ryhuvljkw ri wkh VGO h�ruw1 Wkh jurxqg dqg
rq0ruelw fdoleudwlrq dqg shuirupdqfh fkdudfwhul}dwlrq h{shulphqwv zhuh sodqqhg dqg dqdo|}hg e| wkh VGO
Shuirupdqfh Dvvhvvphqw Whdp +SDW,1 Wkh SDW whdp frqvlvwhg ri VGO hqjlqhhuv/ Gu1 Ud| Uxvvhoo dqg Gu1
Uxvvhoo Zdonhu/ d PV[ Fhohvwldo Edfnjurxqg Whdp fr0Lqyhvwljdwru zlwk h{shuwlvh lq fdoleudwlqj vsdfh0edvhg
lqiuduhg dvwurqrp| h{shulphqwv1

e�� �5j #@|@ ��Ti*�?i @?_ ���V,+A �hLUitt�?}

Wkh gdwd �rz iurp wkh whohphwu| grzqolqn wr dqdo|vlv lv vkrzq lq Iljxuh 51 Wkh ydulrxv gdwd ohyhov xvhg
e| wkh PV[ surjudp duh=

� Ohyho 3 0 wkh grzqolqnhg gdwd vwuhdp/

� Ohyho 4 0 wlph rughuhg whohphwu| gdwd dqg gdwd surgxfwv

� Ohyho 5 0 fdoleudwhg udz gdwd

� Ohyho 6 0 uhgxfhg gdwd vxlwdeoh iru dqdo|vlv/ vrxufh olvwv dqg lpdjhv iru h{dpsoh

� Ohyho 7 0 dqdo|}hg vflhqfh uhvxowv/ wkh PV[ SVF iru h{dpsoh

71414 Ohyho 3 0 Udz Whohphwu| Gdwd

Udz whohphwu| gdwd iurp dq h{shulphqwdo revhuydwlrq/ fdoohg d Gdwd Froohfwlrq Hyhqw +GFH,/ zhuh grzq0
olqnhg wr wkh Plvvlrq Frqwuro Fhqwhu +PFF, ri wkh Dssolhg Sk|vlfv Oderudwru| +DSO, ri wkh Mrkqv Krsnlqv
Xqlyhuvlw| +MKX, gxulqj vdwhoolwh sdvvhv ryhu wkh jurxqg vwdwlrq lq Froxpeld Pdu|odqg1 Wkh Ohyho 3 gdwd
duh wkh dqdorj wdshv h{dfwo| dv grzqolqnhg dqg uhfrughg dw wkh jurxqg vwdwlrq1

71415 Ohyho 4 dqg 4D Whohphwu| Gdwd

Wkh Plvvlrq Surfhvvlqj Fhqwhu +PSF, dw MKX2DSO uhfhlyhg wkh Ohyho 3 dqdorj wdshv iurp wkh PFF1
Wkh PSF frqyhuwhg wkh Ohyho 3 gdwd lqwr frpsxwhu0frpsdwleoh irupdw 0 wkh Ohyho 4 gdwd1 Wkhvh gdwd
zhuh shupdqhqwo| dufklyhg/ exw qrw glvwulexwhg1 Ohyho 4D gdwd duh frpsxwhu0frpsdwleoh/ udz gdwd wkdw
kdyh ehhq wlph0rughuhg iru hdfk GFH dqg vhsdudwhg e| PV[ lqvwuxphqwv1 Wkh Ohyho 4D gdwd zhuh vhqw
frqfxuuhqwo| wr wkh VSLULW LLL Gdwd Surfhvvlqj Fhqwhu +GSF, dw wkh Xwdk Vwdwh Xqlyhuvlw|2Vsdfh G|qdplfv
Oderudwru| +XVX2VGO, dqg wr wkh DIUO2YVE Gdwd Dqdo|vlv Fhqwhu +GDF,1 Wkh Ohyho 4D gdwd kdyh dovr
ehhq shupdqhqwo| dufklyhg1

;



Iljxuh 5= Vfkhpdwlf gldjudp ri PV[ gdwd�rz iurp vsdfhfudiw wr hqg0xvhu1
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Wdeoh 5= PV[ GSF Surgxfwv

71416 Gdwd Surfhvvlqj Fhqwhu +GSF, dw VGO

Wkh VSLULW LLL GSF Slsholqh dw XVX2VGO surylghg GSF Surgxfwv/ zklfk duh qhfhvvdu| wr frqyhuw Ohyho
4D gdwd lqwr Ohyho 5 gdwd1 Wkhuh duh wzr w|shv ri GSF Surgxfwv= shuirupdqfh lqirupdwlrq iru hdfk GFH/
vxfk dv wkh gdun r�vhwv dqg vhqvru dqrpdolhv> dqg fdoleudwlrq �ohv1 Wkh GSF �ohv dqg wkhlu frqwhqwv duh
olvwhg lq Wdeoh 51 Wkhvh surgxfwv hvvhqwldoo| gh�qh wkh fdoleudwlrq ri wkh lqiuduhg lqvwuxphqw iru hdfk GFH1

Wkh GSF Slsholqh vriwzduh vwulsv rxw krxvhnhhslqj lqirupdwlrq dqg wkh gdun fxuuhqw dqg vwlpxodwru
�dvk gdwd iurp wkh Ohyho 4D wdshv1 Wkh Slsholqh �djv dqrpdolhv vxfk dv _jolwfkhv% dqg vdwxudwhg sl{hov
dqg ghwhuplqhv wkh gdun r�vhw pdwulfhv iru wkh GFH1 Lw dovr fdofxodwhv wkh �uvw irxu vwdqgdug vwdwlvwlfdo
sdudphwhuv +phdq/ vwdqgdug ghyldwlrq/ vnhz dqg nxuwrvlv, iru hdfk sl{ho lq �66 vhfrqg eorfnv/ fdoohg d
_vfhqh%1 Dq| gdwd wdnhq zkhq wkh vhqvru zdv rxwvlgh ri wkh _rshudwlrqdo hqyhorsh% ri fhuwl�hg vhqvru
sdudphwhuv lv �djjhg lq wkh Udglrphwhu Dqrpdo| �oh1 Wkh dqrpdo| ghidxow lq wkh FRQYHUW surfhvv +vhh
ehorz, lv uhsodfhphqw ri wkh gdwxp zlwk qrw0d0qxpehu +QdQ,1 Wklv zdv uhtxluhg iru wkh Ohyho 5 rxwsxw wr
eh ydolgdwhg dv GFDWW FHUWLILHG1

Udglrphwhu Lqvwuxphqw Surgxfw �ohv zhuh lvvxhg e| wkh vhqvru yhqgru lq frqmxqfwlrq zlwk wkh FRQYHUW
vriwzduh/ zklfk frqyhuwv Ohyho 4D lqwr Ohyho 5 gdwd1 Wkhvh surgxfwv duh ghvfulehg lq pruh ghwdlo lq Vhfwlrq
7151

71417 Gh�qlwlyh Dwwlwxgh Ilohv

Wkh uhtxluhg devroxwh srlqwlqj nqrzohgjh iurp wkh vsdfhfudiw zdv �41<331 Wkh DSO Dwwlwxgh Surfhvvlqj
Fhqwhu +DSF, jhqhudwhg wkh srlqwlqj wlph klvwru| iru hdfk GFH dqg lvvxhg lw dv d Gh�qlwlyh Dwwlwxgh
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Iloh +GDI,1 Wkh DSF frpelqhv dwwlwxgh klvwru| iurp wkh vsdfhfudiw j|urvfrshv zlwk xsgdwhv iurp wkh
vwdu fdphud dqg srlqwlqj r�vhwv ri wkh eruhvljkw ri hdfk lqvwuxphqw iurp wkh vsdfhfudiw rswlfdo �gxfldo1
Wkh Plvvlrq Surfhvvlqj Fhqwhu vhqgv wkh GDIv wr VGO dqg wkh DIUO2YVE Gdwd Dqdo|vlv Fhqwhu +GDF,1
Wkh vsdfhfudiw hskhphulghv duh sdvvhg dorqj dv sduw ri wkh GDI �ohv1 Wkh vriwzduh nqrzq dv Srlqwlqj
FRQYHUW frqyhuwv GDI txdwhuqlrq gdwd wr Hduwk Fhqwhuhg Lqhuwldo +HFL, frruglqdwhv dqg fruuhfwv wkh
lqhuwldo srlqwlqj iru dqqxdo dqg vsdfhfudiw dehuudwlrq1

71418 Wkh FRQYHUW Surfhvv

Wkh Udglrphwhu Vwdqgdug FRQYHUW surfhvvhg wkh gdwd wkurxjk Htxdwlrq +4, wr rewdlq Ohyho 5 gdwd1

uf>g>w @ E

�
Jl>d

UgWdIdQl>g

Ol>d+u �Gl>g>w,

�
+4,

zkhuh

uf>g>w � fruuhfw uhvsrqvh lq frxqwv +Ohyho 5 gdwd, iru ghwhfwru +g, dw wlph +w,

E^ ` � edg sl{ho rshudwlrq

Jl>d � lqwhjudwlrq prgh qrupdol}dwlrq iru lqwhjudwlrq prgh +l, dqg duud| +d,

Id � irfdo sodqh glvwruwlrq fruuhfwlrq iru duud| +d,

Ql>g � qrq0xqliruplw| fruuhfwlrq iru lqwhjudwlrq prgh +l, dqg ghwhfwru+g,

Ol>d � olqhdulw| fruuhfwlrq ixqfwlrq iru lqwhjudwlrq prgh+l, dqg duud|+d,

u � uhvsrqvh lq frxqwv +ohyho 4D gdwd,

Gl>g>w � gdun r�vhw frxqwv iru lqwhjudwlrq prgh +l,/ ghwhfwru +g, dw wlph +w,

Wd � uhvsrqvlylw| whpshudwxuh fruuhfwlrq iru duud| +d,

Ug � uhvsrqvlylw| wuhqglqj fruuhfwlrq iru ghwhfwru +g,1

Wkh GSF surgxfwv dqg wkh Udglrphwhu Lqvwuxphqw Surgxfwv +ULSv, surylgh wkh lqirupdwlrq iru fruuhfwlqj
hdfk sl{ho wr d olqhdu uhvsrqvh rq wkh vdph vfdoh1 Wkh Ohyho 5 rxwsxw lv gljlwl}hg dw d txduwhu ri wkh
ohyho dv wkh lqsxw1 Fdqrqlfdo FRQYHUW dssolhv Htxdwlrq +5, wr rewdlq udgldqfh +Z fp�5 vu�4 sl{ho�4,
dqg dssolhv wkh irfdo sodqh glvwruwlrq pds wr orfdwh wkh sl{hov lq irfdo sodqh frruglqdwhv1 Wkh Fhohvwldo
Edfnjurxqg Dxwrpdwhg surfhvvlqj wdsshg lqwr Fdqrqlfdo FRQYHUW dw wklv srlqw iru lwv lqsxw gdwd1

Og>w @
4

UO>d

uf>g>w +5,

zkhuh

Og>w � phdvxuhg udgldqfh lq Z fp�5 vu�4 iru ghwhfwru +g, dw wlph +w,

UO>d � shdn udgldqfh uhvsrqvlylw| lq frxqwv2+Z fp�5 vu�4, iru duud| +d,

uf>g>w � fruuhfw uhvsrqvh lq frxqwv +Ohyho 5 gdwd, iru ghwhfwru +g, dw wlph +w,1
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Fdqrqlfdo FRQYHUW frxog ixuwkhu surfhvv wkh gdwd e| dsso|lqj Srlqwlqj Frqyhuw wr rxwsxw srvlwlrq
wdjjhg udgldqfh iru hdfk sl{ho ru xvh wkhvh gdwd wr fuhdwh dq lpdjhv iurp 5733 plqru iudphv1 Wklv wudqvodwhv
lqwr d 4� � 7=49:� lpdjh +d vfhqh, dw wkh vxuyh| vfdq udwh1 Uxqqlqj wkh Udglrphwhu Fdqrqlfdo Surfhvv
wkurxjk wr frpsohwlrq zrxog h{wudfw srlqw vrxufhv iurp wkh lpdjhv dqg fdofxodwh wkhlu luudgldqfhv lq xqlwv
ri Z fp�5 +lq0edqg luudgldqfh,1 Wklv vriwzduh orrnhg iru pd{lpd lq wkh lpdjh/ wkhq xvhg d _frrnlh fxwwhu%
wr h{wudfw wkh vrxufh/ l1h1 h{flvlqj d vpdoo eorfn ri gdwd fhqwhuhg rq wkh vrxufh1 D edfnjurxqg lv ghwhuplqhg
iurp dq dqqxoxv fhqwhuhg rq wkh vrxufh dqg vxewudfwhg1 Wkh wrwdo vrxufh udgldqfh lv wkh vxp ri wkh sl{ho
ydoxhv dqg wkh luudgldqfh lv wkhq fdofxodwhg e| phdqv ri Htxdwlrq +6,

Hd @
HIRY

UO>d+4� V,
S ^uf> SUId` +6,

zkhuh

Hd � phdvxuhg luudgldqfh lq Z fp�5 iru duud| +d,

HIRY � h�hfwlyh �hog ri ylhz vrolg dqjoh lq vwhudgldqv

V � rxw0ri0�hog0ri0ylhz vfdwwhu frh�flhqw

S ^ ` � srlqw vrxufh h{wudfwlrq rshudwlrq

uf � fruuhfw uhvsrqvh lq frxqwv +Ohyho 5 gdwd,

UO>d � shdn udgldqfh uhvsrqvlylw| lq frxqwv2+Z fp�5 vu�4, iru duud| +d,

SUId � srlqw uhvsrqvh ixqfwlrq iru duud| +d,1

Wklv surfhgxuh zrunv zhoo rq uhdvrqdeo| euljkw lvrodwhg vrxufhv lq uhjlrqv zkhuh wkh edfnjurxqg lv �dw/
suhflvho| wkh uhtxluhphqwv iru wkh PV[ fdoleudwlrq vwduv1 Fdqrqlfdo FRQYHUW zdv xvhg e| wkh VSLULW LLLL
Shuirupdqfh Dvvhvvphqw Whdp wr rewdlq luudgldqfhv ri wkh fdoleudwlrq vwduv phdvxuhg gxulqj wkh rq0ruelw
fdoleudwlrq GFHv1

Wkh Fhohvwldo Edfnjurxqgv dxwrpdwhg surfhvvlqj xvhg d pxfk pruh vrsklvwlfdwhg h{wudfwlrq urxwlqh1
Frqvhtxhqwo|/ wkh luudgldqfhv ghulyhg e| wkh wzr h{wudfwlrq surfhvvhv pxvw forvho| djuhh iru wkh VSLULW
LLL jurxqg dqg rq0ruelw fdoleudwlrq shgljuhh wr dsso| wr wkh PV[ SVF1 Wkh djuhhphqw zdv frq�uphg e|
d frpsdulvrq ri wkh luudgldqfhv h{wudfwhg rq wkh vwhoodu vwdqgdugv xvlqj wkh Fdqrqlfdo Surfhvv dqg wkh FE
vrxufh h{wudfwru1 Wkhvh gdwd zhuh iurp d Fhohvwldo Edfnjurxqg h{shulphqw wr xvh PV[ wr hvwdeolvk d vhw ri
vhfrqgdu| devroxwh vwhoodu vwdqgdugv1

Wkh Ohyho 5 gdwd suhfxuvruv iru wklv yhuvlrq ri wkh PV[ Srlqw Vrxufh Fdwdorj zhuh surgxfhg xvlqj
FRQYHUW 8/ wkh shqxowlpdwh yhuvlrq ri wkh FRQYHUW vriwzduh1 Wkh �qdo uhohdvh/ FRQYHUW 9 lv dq
xsjudgh wr wkh �qdo vriwzduh wr surfhvv wkh lqwhuihurphwhu revhuydwlrqv1 Wkhuh zhuh qr vljql�fdqw fkdqjhv
wr surfhvvlqj wkh udglrphwhu gdwd1

e�2 �@*�Mh@|�L? @?_ +@_�L4i|ih W?t|h�4i?| �hL_�U|t

Wkh Udglrphwhu Lqvwuxphqw Surgxfwv +ULSv,/ vxfk dv wkh +irfdo sodqh duud| whpshudwxuh ghshqghqw, v|vwhp
uhvsrqvlylwlhv dqg wkh srvlwlrq ghshqghqw srlqw uhvsrqvh ixqfwlrqv/ duh olvwhg lq Wdeoh 51 Wkhvh txdqwlwlhv
duh wkh yduldeohv lq Htxdwlrq +4,/ h{fhsw iru GFH xqltxh whupv vxfk dv wkh gdun r�vhwv dqg wkh edg sl{ho
�djv1 Wkh ULSv duh fdoleudwlrq surgxfwv wkdw dsso| wr doo GFHv dqg zhuh uhohdvhg hslvrglfdoo| e| VGO dv
wkh fdoleudwlrq zdv lpsuryhg1 Wkxv vhyhudo ULSv zhuh lvvxhg iru hdfk yhuvlrq ri FRQYHUW1 Wkh VSLULW
LLL Shuirupdqfh Dvvhvvphqw Whdp zdv uhvsrqvleoh iru ghwhuplqlqj wkh fdoleudwlrq dqg vhqvru shuirupdqfh
sdudphwhuv1
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Iljxuh 6= VSLULW LLL fdoleudwlrq1

71514 Fdoleudwlrq Phwkrgrorj|

VSLULW LLL zdv fdoleudwhg e| wkuhh gl�huhqw phwkrgv= rq wkh jurxqg xvlqj d frrohg ydfxxp fkdpehu frq0
vwuxfwhg iru wkdw sxusrvh> rq0ruelw xvlqj vwhoodu vwdqgdugv> dqg zlwk fdoleudwhg uhihuhqfh vskhuhv uhohdvhg
e| wkh vsdfhfudiw shulrglfdoo| gxulqj wkh plvvlrq1 Hdfk phwkrg surylghv xqltxh lqirupdwlrq rq wkh vhqvru
udglrphwulf sdudphwhuv exw zlwk vx�flhqw ryhuods wr furvv0wlh wkh gl�huhqw fdoleudwlrqv1 D frqfhswxdo gh0
slfwlrq ri wklv surfhvv lv vkrzq lq Iljxuh 61 Wkh Qdwlrqdo Lqvwlwxwh ri Vwdqgdugv dqg Whfkqrorj| +QLVW,
ydolgdwhg wkh eodfnerg| vrxufhv xvhg rq wkh jurxqg fdoleudwlrq dqg wkh hplvvlylw| ri wkh uhihuhqfh vskhuhv1
Uhihuhqfh wr wkh jurxqg0edvhg devroxwh fdoleudwlrq ri wkh vwdqgdug vwduv lv dovr vkrzq1 Wkh VSLULW LLL

Lqwhjudwhg Jurxqg dqg Rq0ruelw Fdoleudwlrq Uhsruw lq Vxssruw ri Frqyhuw 813 +VGO2XVX 4<<;, ghvfulehv
wkh VGO fdoleudwlrq dqg wuhqglqj surfhgxuhv dqg uhvxowv1 Wklv/ dqg uhodwhg grfxphqwdwlrq/ fdq eh irxqg dw
kwws=22zzz1duqrog1di1plo2dpvf21

Rq wkh jurxqg/ wkh VSLULW LLL lqvwuxphqw zdv dwwdfkhg wr wkh Pxowlixqfwlrqdo Lqiuduhg Fdoleudwru
+PLF5,/ d fu|rjhqlfdoo| frrohg ydfxxp fkdpehu exlow e| VGO/ wkurxjk ydfxxp/ wkhupdo dqg udgldwlrq
vklhoghg lqwhuidfhv1 Wkh irxu fdoleudwlrq vrxufhv lq wkh PLF5 duh= d froolpdwhg vrxufh> d Mrqhv vrxufh> dq
h{whqghg vrxufh> dqg d vfdwwhu vrxufh1 Wkh froolpdwru �oohg wkh dshuwxuh ri wkh whohvfrsh zlwk �x{ iurp
txdvl0srlqw dqg vpdoo h{whqghg vrxufhv froolpdwhg e| phdqv ri d iroghg Juhjruldq whohvfrsh1 Wkh Mrqhv
vrxufh lv d vpdoo duhd qhdu0�hog vrxufh sduwldoo| �oolqj wkh hqwudqfh dshuwxuh ri wkh whohvfrsh wkdw �rrgv
wkh irfdo sodqh1 Wkh h{whqghg vrxufh lv d whpshudwxuh frqwuroohg/ kljko| hplvvlyh sodwh odujh hqrxjk wr
frpsohwho| �oo wkh hqwudqfh dshuwxuh1 Lqvhuwlqj d vfdwwhu sodwh lqwr wkh rswlfdo sdwk surylghv d ixoo dshuwxuh/
ixoo0�hog orz wkurxjksxw vrxufh1

Wkh jurxqg fdoleudwlrq surehv wkh hqwluh v|vwhp wkurxjksxw lq d idvklrq wkdw lv gl�fxow ru lpsrvvleoh wr
gr rq0ruelw1 Wkh uhodwlyh v|vwhp vshfwudo uhvsrqvhv iru wkh VSLULW LLL lqiuduhg �owhu edqgv +vhh Dsshqgl{
D, duh dq h{dpsoh ri fdoleudwlrq wkdw fdq rqo| eh grqh iurp wkh jurxqg1 Fkdudfwhul}lqj wkh skrwrq qrlvh
dqg wkh qrq0olqhdu uhvsrqvh ri wkh ghwhfwruv dw kljk �x{ duh pruh dffxudwho| dqg h�flhqwo| ghwhuplqhg zlwk
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5A�+ �4E` U4�5� �5E` U4�5� � E` U4�5� � E` U4�5� # E` U4�5� , E` U4�5�

� �LL 8=96� 43�48 ;=;6� 43�48 4=78� 43�47 4=:3� 43�48 4=37� 43�48 9=83� 43�49
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� A@� 7=9;� 43�48 :=6<� 43�48 4=64� 43�47 4=8:� 43�48 <=87� 43�49 9=36� 43�49
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� Bi4 <=<;� 43�49 4=93� 43�48 5=83� 43�48 5=;:� 43�49 4=:<� 43�49 4=43� 43�49

Wdeoh 6= VSLULW LLL Sulpdu| Fdoleudwlrq Vwduv

vwdeoh vrxufhv rq wkh jurxqg1 Vwdeoh/ �dw h{whqghg vrxufhv zlwk dffxudwho| nqrzq udgldqfh wr fdoleudwh wkh
udgldqfh uhvsrqvlylw| ri wkh v|vwhp duh uduh lq wkh fhohvwldo ru Hduwk edfnjurxqgv1

Wkh vhfrqg ohj ri wkh fdoleudwlrq wuldg duh vwdqgdug vwduv/ wkh ixqgdphqwdo uhihuhqfhv xvhg iru lqiuduhg dv0
wurqrp|1 Wkh vwduv duh d wuxh srlqw vrxufh wr wkh v|vwhp dqg wkh fdoleudwlrq djdlqvw wkhp fruuhfw wkh jurxqg
fdoleudwlrq v|vwhpdwlf huuruv dulvlqj iurp wkh idfw wkh slqkroh xvhg zlwk wkh froolpdwru rqo| dssur{lpdwhv d
wuxh srlqw vrxufh1

Vlploduo|/ wkh srvlwlrq ghshqghqw Srlqw Uhvsrqvh Ixqfwlrqv +SUIv, fdq rqo| eh ghwhuplqhg iurp wkh
+fdoleudwlrq, vwduv1 Wkh PV[ fdoleudwlrq vwduv duh olvwhg lq Wdeoh 6 dorqj zlwk wkh devroxwh luudgldqfhv lq
hdfk ri wkh vshfwudo edqgv1 Ilyh ghglfdwhg h{shulphqwv xvhg wkhvh vwduv wr fdoleudwh wkh lqvwuxphqw dqg wr
prqlwru wkh srlqw vrxufh uhvsrqvh dv d ixqfwlrq ri vfdq udwh dqg jdlq vwhs gxulqj wkh plvvlrq1 Wkh �yh
h{shulphqwv phdvxuhg=

� Wkh udglrphwulf fdoleudwlrq ri hyhu| sl{ho lq wkh pluuru vfdq prgh dqg doo jdlq vwdwhv e| vorzo| prylqj
d fdoleudwlrq vwdu lq furvv0vfdq dv wkh pluuru vzhsw wkh vwdu dfurvv wkh duud|v1

� Wkh udglrphwulf fdoleudwlrq ri hyhu| sl{ho lq wkh pluuru �{hg prgh dqg doo jdlq vwdwhv e| vorzo| prylqj
d fdoleudwlrq vwdu grzq hdfk froxpq lq wkh irfdo sodqh duud|v1

� Wkh wlph dqg irfdo sodqh whpshudwxuh ghshqghqfh ri wkh lqvwuxphqw uhvsrqvh e| uhodwlyho| iuhtxhqw/
vkruw revhuydwlrqv lq pluuru vfdq prgh wkdw uhshdwhgo| vzhsw d fdoleudwlrq vwdu ryhu wkh vdph vxevhw
ri sl{hov lq hdfk vshfwudo edqg1

� Wkh vdph vxevhw ri sl{hov lq hdfk duud| lq wkh pluuru �{hg prgh lq hdfk ri wkh irxu jdlq prghv wr
fdoleudwh wkh jdlq vwhsv1

� Wkh ghshqghqfh ri uhvsrqvh rq vfdq udwh1

Doo ri wkh sulpdu| fdoleudwlrq vwduv duh euljkw +wkh idlqwhvw lv � O|u, dqg kdyh lqiuduhg vshfwudo hqhuj|
glvwulexwlrqv wkdw ghfuhdvh vwhhso| zlwk zdyhohqjwk1 Ixuwkhu/ wkh| rqo| vsdq d idfwru ri �53 lq luudgldqfh1
Wklv phdqw wkdw wkhvh vrxufhv zhuh dw wkh wrs hqg ri wkh g|qdplf udqjh lq edqg D exw wkdw � O|u zdv
eduho| ghwhfwdeoh lq Edqg H iru wkh fdoleudwlrq h{shulphqwv1 Wkh uhihuhqfh vskhuhv surylgh dq lqghshqghqw
fdoleudwlrq wkdw h{huflvhv wkh ixoo g|qdplf udqjh ri wkh lqvwuxphqw1

Wkh wkuhh hplvvlyh uhihuhqfh vskhuhv zhuh ghvljqhg dqg frqvwuxfwhg wr eh devroxwh fdoleudwruv iru wkh
VSLULW LLL lqvwuxphqw1 Wkh| zhuh dv forvh wr ehlqj eodfnerglhv dv srvvleoh dqg kdg fduhixoo| phdvxuhg
wkhupdo surshuwlhv wkdw shuplwwhg dq dffxudwh fdofxodwlrq ri wkhlu whpshudwxuh1 Wkh vshfwudo hplvvlylw| ri
d _vlvwhu% vskhuh zdv phdvxuhg dw QLVW1 Vlqfh wkh vskhuhv zhuh d olplwhg uhvrxufh/ wkh �uvw rqh zdv qrw
hmhfwhg xqwlo wzr prqwkv lqwr wkh plvvlrq/ wlph hqrxjk iru wkh lqlwldo VSLULW LLL fdoleudwlrq dqg srlqwlqj
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doljqphqw wr eh frpsohwhg1 Wkh hqfrxqwhu jhrphwulhv iru wkh h{shulphqwv xvlqj wkh uhpdlqlqj vskhuhv zhuh
wdloruhg qrw rqo| wr h{soruh wkh ixoo g|qdplf udqjh ri VSLULW LLL exw dovr wr lqfoxgh vwdqgdug vwduv lq wkh
vhqvru �hog ri uhjdug1 Wklv surylghv d furvv0wlh ehwzhhq wkh fdoleudwlrq xvlqj wkh vwduv dqg wkdw ghulyhg iurp
wkh uhihuhqfh vskhuhv1

Wkh vskhuhv surylgh dq lqghshqghqw fdoleudwlrq ri wkh devroxwh shdn luudgldqfh uhvsrqvlylw| ri wkh lq0
vwuxphqw lq hdfk ri wkh plg0lqiuduhg vshfwudo edqgv1 Zkloh wkh fdoleudwlrq djdlqvw wkh vwdqgdug vwduv hdvlo|
phhwv wkh surjudp uhtxluhphqw ri 8( devroxwh dffxudf| lq hdfk edqg/ lw grhv qrw phhw wkh pruh vwulqjhqw
uhtxluhphqw rq wkh edqg0wr0edqg udwlr1 Wkh uhihuhqfh vskhuh gdwd surylgh wkh prvw dffxudwh phdvxuh ri wkh
edqg0wr0edqg udwlr1 Wkh GFDWW whdp h{shfwv wr �qlvk wkh �qdo fdoleudwlrq/ zklfk lqfoxghv wkh uhvxowv ri
wkh uhihuhqfh vskhuh h{shulphqwv/ e| wkh idoo ri 4<<<1 Yhuvlrq 5 ri wkh PV[ SVF zloo eh surgxfhg xvlqj ULS
�ohv edvhg rq wkh �qdo fdoleudwlrq1

71515 Fhuwl�fdwlrq ri Ohyho 5 Gdwd

Wkh GFDWW fhuwl�fdwlrq surfhvv lv edvhg rq wkh suhplvh wkdw phdvxuhphqwv e| VSLULW LLL rq nqrzq vrxufhv
fdq eh xvhg wr suhglfw wkh shuirupdqfh ri wkh lqvwuxphqw lq revhuylqj dq| vrxufh1 Iru h{dpsoh/ lw lv dvvxphg
wkdw wkh wuhqglqj +ghshqghqfh ri sdudphwhuv rq irfdo sodqh duud| whpshudwxuh dqg wlph, fdoleudwlrq GFHv/
zklfk uhshdwhgo| vdpsohg d vpdoo vxevhw ri sl{hov wkurxjkrxw wkh plvvlrq/ dssolhv wr rwkhu sl{hov dw duelwudu|
wlphv1 Wr dvvhvv wkh fdoleudwlrq dffxudf| xqghu wklv dvvxpswlrq/ VGO xvhg rqo| wkh fdoleudwlrq revhuydwlrqv
ri � Err wr wudqvihu wkh jurxqg fdoleudwlrq wr lq0�ljkw shuirupdqfh1 Wkh fdoleudwlrq revhuydwlrqv ri wkh
rwkhu �yh fdoleudwlrq vwduv dqg wkh uhihuhqfh vskhuhv zhuh xvhg e| wkh GFDWW wr ydolgdwh wkh VGO surfhvvlqj
dqg wr ghwhuplqh wkh devroxwh skrwrphwulf dffxudf|1

Wkh GFDWW dqdo|vwv fuhdwhg d klvwrjudp ri wkh qxpehu ri revhuydwlrqv dw d jlyhq luudgldqfh iurp wkh
uhshdwhg revhuydwlrqv ri wkh fdoleudwlrq vwduv1 Wkh �uvw irxu prphqwv ri wkh glvwulexwlrq lq luudgldqfh dqg
srvlwlrq +phdq/ yduldqfh/ vnhz dqg nxuwrvlv, zhuh fdofxodwhg1 Wkh phdq ydoxh zdv wdnhq dv wkh luudgldqfh
dqg wkh phdvxuhphqw huuru zdv fdofxodwhg dv wkh vtxduh urrw ri wkh yduldqfh li wkh vnhz dqg nxuwrvlv duh
zlwklq dffhswdeoh olplwv1

Wkh �qdo GFDWW fhuwl�hg dffxudf| ri wkh vhqvru zdv gh�qhg dv iroorzv1 Wkh txdqwlw| e gh�qhv wkh
eldv ehwzhhq wkh wuxwk ydoxh dqg wkh phdq ri wkh phdvxuhg glvwulexwlrq/ �w lv wkh xqfhuwdlqw| lq wkh wuxwk
ydoxh/ �p wkh vwdqgdug ghyldwlrq ri wkh phdvxuhg glvwulexwlrq1 Wkhvh txdqwlwlhv duh ghslfwhg lq Iljxuh
71 Dq dgglwlrqdo xqfhuwdlqw|/ �x/ wkh hvwlpdwhg xqsurehg xqfhuwdlqwlhv dvvrfldwhg zlwk wkh shuirupdqfh
ri wkh lqvwuxphqw/ pd| dsso| xqghu rshudwlrqdo frqglwlrqv qrw txdqwl�hg zlwk fdoleudwlrq dqg2ru wuhqglqj
phdvxuhphqwv1 Wkh GFDWW fhuwl�hg dffxudf| lv wkh urrw vxp vtxduh ri wkh wkhvh txdqwlwlhv h{suhvvhg lq
shufhqwdjhv=

�D @
t
e5 . �5w . �5p . �5x= +7,

Dv wkh fdoleudwlrq surfhvv frqwlqxhg wkurxjk wkh plvvlrq/ wkh xqnqrzq xqfhuwdlqwlhv zhuh uhpryhg1 Lq wkh
�qdo fhuwl�fdwlrq/ �x zdv holplqdwhg lq wkh luudgldqfh fdoleudwlrq1

Wkh GFDWW whdp dqdo|}hg wkh revhuydwlrqv ri wkh sulpdu| fdoleudwlrq vwduv olvwhg lq Wdeoh 6 dqg wkh
�yh hplvvlyh uhihuhqfh vskhuhv1 Wkh vwdwlvwlfdo sdudphwhuv rewdlqhg iurp wkhvh revhuydwlrqv zhuh xvhg lq
vhwwlqj wkh fhuwl�hg dffxudf|1 Exuglfn dqg Pruulv +4<<:, fdofxodwhg wkh devroxwh luudgldqfh ri wkh vwdqgdug
vwduv lq Wdeoh 6 iurp wkh _frpsrvlwh vshfwud% ri Frkhq hw do1 +4<<< dqg uhihuhqfhv wkhuhlq,1 Wkh VGO SDW
xvhg rqo| � Err wr iru wkh rq0ruelw fdoleudwlrq ri wkh VSLULW LLL lqvwuxphqw1 Wkh GFDWW dqdo|vlv ri wkh
revhuydwlrqv rq wkh uhpdlqlqj vwduv lq wkh wdeoh surylgh dq lqghshqghqw dvvhvvphqw ri wkh dffxudf| ri wkh
fdoleudwlrq1
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Iljxuh 7= D uhsuhvhqwdwlrq ri eldv dqg xqfhuwdlqwlhv xvhg lq Htxdwlrq +7,1
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Edqg

Fhuwl�fdwlrq
Dqdo|vlv
Uhvxowv=
Eldv +(,

Fhuwl�fdwlrq
Dqdo|vlv
Uhvxowv=

4� Suhflvlrq

Wuxwk
Xqfhuwdlqw| +(,

Wrwdo
Luudgldqfh

Dffxudf| +(,

D 5 6 5 8
E4 7 6 ; <
E5 6 6 ; <
F 4 5 5 6
G 5 5 6 7
H 7 5 7 9

Wdeoh 7= GFDWW Fhuwl�hg Luudgldqfh Dffxudf| Ydoxhv iurp FRQYHUW 813 +Wisd ? 4613 N,

Wkh revhuydwlrqv zhuh surfhvvhg wkurxjk FRQYHUW wr fuhdwh dq DVFLL dufklyh frqwdlqlqj rqo| wkh
gdwd qhhghg iru fhuwl�fdwlrq1 Wkh GFDWW dqdo|vlv vriwzduh frqvlvwv ri wrrov wkdw glvsod| wkh gdwd lq wkh
DVFLL srlqw vrxufh �ohv dqg urxwlqhv wkdw fdofxodwh wkh phdq dqg prphqwv ri wkh udgldqfh/ luudgldqfh dqg
jrqlrphwu| dorqj zlwk wkhlu revhuyhg glvwulexwlrqv1

Wdeoh 7 olvwv wkh GFDWW fhuwl�hg ydoxhv iru wkh dffxudf| ri wkh edqg dyhudjhg +ryhu doo sl{hov, srlqw
vrxufh luudgldqfhv xvlqj FRQYHUW 8/ wkh yhuvlrq xvhg wr fuhdwh wkh PV[ SVF1 Wkh froxpqv lq wkh wdeoh
vkrz wkh uhodwlyh frqwulexwlrqv ri wkh xqfhuwdlqwlhv lq eldv/ suhflvlrq +uhshdwdelolw|, dqg _wuxwk% wr wkh
ryhudoo dffxudf|1 Wkh GFDWW dqdo|vhv holplqdwhg wkh xqsurehg xqfhuwdlqwlhv lq wkh luudgldqfh1

e�� �i*it|�@* ��|L4@|i_ �hLUitt

Wkh Fhohvwldo Edfnjurxqgv dxwrpdwhg surfhvvlqj vriwzduh rshudwhv rq Ohyho 5D PV[ gdwd1 Dw wklv vwdjh/
wkh gdwd kdv ehhq sdvvhg wkurxjk wkh XVX2VGO FRQYHUW vriwzduh/ zklfk frqyhuwv frxqwv shu sl{ho wr
hqjlqhhulqj xqlwv ri Z fp�5 vu�4 shu sl{ho1 Wkh gdwd iurp hdfk sl{ho lq hdfk duud| lv dovr wlph rughuhg1
Xsrq uhdglqj wkh ohyho 5D gdwd/ wkh Fhohvwldo Dxwrpdwhg Surfhvv uxqv wkh XVX2VGO Srlqwlqj Frqyhuw
vriwzduh/ zklfk dvvljqv hdfk sl{ho d vsdwldo srvlwlrq1 Wkh FRQYHUW vriwzduh glylghv wkh gdwd vhw lqwr
lqglylgxdo vfhqhv ri 4<5�5733�Q sl{hov/ zkhuh Q lv wkh qxpehu ri dfwlyh froxpqv lq wkh edqg1 Wkh vrxufh
h{wudfwru zrunv rq rqh ri wkhvh vfhqhv dw d wlph1

71614 Vrxufh H{wudfwlrq Dojrulwkp

Lqlwldoo| zh qhhg wr uhpryh edfnjurxqg wuhqgv iurp wkh gdwd dqg frpsxwh wkh qrlvh yduldqfh ri wkh gdwd
iru srlqw vrxufh h{wudfwlrq1 Ehfdxvh wkhuh lv sl{ho0wr0sl{ho yduldwlrq lq ghwhfwru qrlvh dqg lq edfnjurxqg
ohyho/ zh �uvw dsso| d svhxgr0phgldq �owhu wr wkh wlph0vhulhv gdwd iurp hdfk ghwhfwru/ l1 Wkh uhvxow lv d
vprrwk/ orz iuhtxhqf|/ edfnjurxqg rxwsxw �oh dqg dqrwkhu gdwd0vwuhdp frqwdlqlqj wkh srlqw vrxufhv dqg
kljk iuhtxhqf| qrlvh1 Wkh orz iuhtxhqf| gdwd frqwdlq dq| r�vhw lq wkh edvh sl{ho ghwhfwru ydoxh dqg �x{ gxh
wr orz iuhtxhqf| edfnjurxqg iurp h{whqghg hplvvlrq1 Wkh kljk iuhtxhqf| gdwd kdyh d phdq ri dssur{lpdwho|
}hur/ dqg duh xvhg wr frpsxwh wkh qrlvh yduldqfh/ �5l / iru hdfk ghwhfwru1

Diwhu edfnjurxqg uhprydo/ wkh kljk iuhtxhqf| gdwd duh dvvhpeohg lq rughuhg irfdo sodqh frruglqdwhv/
iruplqj d 50G gdwd duud|1 Dw hdfk julg srlqw wkh gdwd duh frqoyroyhg zlwk d pdwfkhg �owhu/ dq lghdol}hg
Srlqw Uhvsrqvh Ixqfwlrq +SUI,1 Pdwfkhg �owhulqj lv d vwdqgdug wrro lq frppxqlfdwlrqv wkhru| dqg lqfuhdvhv
wkh ylvleolw| ri gdwd zklfk orrnv olnh wkh �owhu1 W|slfdoo| d jdlq ri 41: lq vljqdo wr qrlvh lv uhdol}hg1 Wkh
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frqyroyhg gdwd duh wkuhvkroghg wr �qg srvlwlrqv ri fdqglgdwh srlqw vrxufhv1 D Ohyhqehuj0Pdutxdugw �wwlqj
surfhgxuh lv dssolhg wr wkh fdqglgdwh srlqw vrxufhv/ vlpxowdqhrxvo| ghwhuplqlqj wkh srlqw vrxufh srvlwlrq
+{> |, dqg udgldqfh1 Wkh surfhgxuh dovr fdofxodwhv d "5 jrrgqhvv ri �w phdvxuh/ dqg uhwxuqv d irupdo
fryduldqfh pdwul{ zklfk zh xvh dv hvwlpdwhv ri wkh huuruv lq wkh wkuhh sdudphwhuv1

Gdwd Ilowhulqj Wkh gdun fxuuhqw dqg qrq0xqliruplw| fruuhfwlrqv +�dw0�hoglqj, grqh e| FRQYHUW ohdyh
yduldwlrqv lq wkh GF r�vhw ri hdfk ghwhfwru1 Hdfk ghwhfwru dovr kdv lwv rzq dvvrfldwhg qrlvh yduldqfh/ zklfk
pxvw eh nqrzq iru wkh srlqw vrxufh sdudphwhu �wwlqj1 Dgglwlrqdoo|/ lw lv qhfhvvdu| wr uhpryh dq| h{whqghg
edfnjurxqg hplvvlrq lq wkh duhd ri d srlqw vrxufh lq rughu wr ghwhuplqh wkh vrxufh udgldqfh1 Wkh phgldq
�owhu lv d jhqhudo whfkqltxh xvhg wr vxssuhvv qrlvh lq lpdjhv1 Iru rqh0glphqvlrqdo gdwd/ wkh �owhu lv d volglqj
zlqgrz fryhulqj dq rgg qxpehu ri gdwd srlqwv1 Wkh fhqwhu sl{ho lq wkh zlqgrz lv uhsodfhg e| wkh phgldq
ri wkh gdwd srlqwv lq wkh zlqgrz1 Wklv �owhu zloo uhpryh lpsxovh ixqfwlrqv ohvv wkdq rqh0kdoi ri wkh zlqgrz
zlgwk1 Wklv �owhu zloo qrw d�hfw glvfuhwh vwhs ixqfwlrqv lq gdwd ru udps ixqfwlrqv1 Wkh phgldq �owhu lv
wkhuhiruh wxqdeoh wr �owhu rxw srlqw vrxufhv dqg kljk iuhtxhqf| qrlvh lq wkh PV[ gdwd/ ohdylqj ehklqg wkh
orz0iuhtxhqf| edfnjurxqg1

Frpsxwdwlrq ri wkh phgldq lv h{shqvlyh krzhyhu/ jurzlqj h{srqhqwldoo| zlwk wkh zlqgrz vl}h1 Zh
wkhuhiruh h{dplqhg wkh svhxgr0phgldq �owhu/ �uvw ghvfulehg e| Sudww hw do1 +4<;7,1 Zkloh uhwdlqlqj pdq| ri
wkh surshuwlhv ri wkh phgldq �owhu/ wkh svhxgr0phgldq lv frpsxwdwlrqdoo| vlpsoh1 Iru d zlqgrz ri ohqjwk O/
wkh svhxgr0phgldq lv gh�qhg dv +Sudww 4<<4,

SPHGiVOj @ +4@5,PD[LPLQiVOj. +4@5,PLQLPD[iVOj +8,

zkhuh iVOj lv wkh vhtxhqfh ri hohphqwv v4> v5> ===> vO/ dqg

PD[LPLQiVOj @
PD[i^PLQ+v4> ===vP ,`> ^PLQ+v5> ===vP.4,`> ===> ^PLQ+vO�P.4> ===vO,`j

PLQLPD[iVOj @
PLQi^PD[+v4> ===vP ,`> ^PD[+v5> ===vP.4,`> ===> ^PD[+vO�P.4> ===vO,`j=

+9,

Lq wkh deryh htxdwlrq/ P @ +O . 4,@51 Wkh PD[LPLQ vhtxhqfh dozd|v uhvxowv lq d qxpehu zklfk lv ohvv
wkdq ru htxdo wr wkh phgldq ri wkh vhtxqfh/ zkloh wkh PLQLPD[ rshudwru uhwxuqv d ydoxh juhdwhu wkdq ru
htxdo wr wkh phgldq1 Dyhudjlqj wkh uhvxowv whqgv wr fdqfhov rxw eldvhv1 Lq dq dqdo|vlv ri vhtxhqfhv ri P @ 8
+Sudww 4<<4,/ wkh 453 srvvleoh duudqjhphqwv ri hohphqwv |lhog ; fdvhv zkhuh wkh svhxgrphgldq lv htxdo wr wkh
phgldq/ dqg wkh svhxgrphgldq lv qhyhu rqh ri wkh h{wuhpd ri wkh vhtxhqfh1 Lq prvw fdvhv/ wkh svhxgrphgldq
lv wkh dyhudjh ri wkh wzr gdwd ydoxhv rq hlwkhu vlgh ri wkh phgldq1 Sudww dovr eulh�| glvfxvvhv wkh fdvfdgh
rshudwruv

PD[LPLQiPLQLPD[iVOjj +:,

dqg

PLQLPD[iPD[LPLQiVOjj= +;,

Wkh h{dpsohv iru wkh deryh �owhuv duh vdow dqg shsshu lpsxovh qrlvh lq lpdjhv1 Wkh PLQLPD[ rshudwru
uhpryhv gdun +shsshu, qrlvh/ zkloh wkh PD[LPLQ uhpryhv wkh euljkw +vdow, lpsxovh qrlvh/ dqg wkh SPHG
�owhu dwwhqxdwhv erwk qrlvh w|shv1 Wkh fdvfdgh rshudwruv deryh dovr �owhu rxw erwk qrlvh w|shv/ dqg/ dffruglqj
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wr wkh h{dpsohv vkrzq lq Sudww/ suhvhuyh wkh edfnjurxqg +lpdjh, hgjh lqirupdwlrq ehwwhu wkdq hlwkhu wkh
svhxgrphgldq ru phgldq �owhuv1 Krzhyhu/ olnh wkh PLQLPD[ dqg PD[LPLQ �owhuv/ hdfk ri wkh fdvfdgh
�owhuv vkrzq deryh lv eldvhg deryh ru ehorz wkh phgldq1 Wkhuhiruh zh kdyh ghyhorshg d %fdvfdgh dyhudjh%
�owhu

FDY HiVOj @
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PLQLPD[iPD[LPLQiVOjj

zklfk dssur{lpdwhv wkh phgldq ri wkh gdwd dqg suhvhuyhv wkh hgjh lqirupdwlrq lq wkh edfnjurxqg1 H{dplqd0
wlrq ri wkh PV[ lpdjh gdwd vkrzv wkdw wkh edfnjurxqg fdq eh kljko| vwuxfwxuhg/ hvshfldoo| lq wkh Jdodfwlf
sodqh1 Iru dffxudwh �x{ hvwlpdwlrq ri srlqw vrxufhv lq wkhvh uhjlrqv lw lv fulwlfdo wkdw wkh edfnjurxqg uhprydo
eh fruuhfw1

Iru rxu sxusrvhv wkh vl}h ri d srlqw vrxufh dv vhhq e| d vlqjoh ghwhfwru lv d ixqfwlrq ri wkh vfdq udwh1
Iru wkh dvwurqrp| h{shulphqwv rq PV[/ wkhvh udwhv udqjh iurp 31458�@v wr 3135�@v +54;4 �udg@v wr 67<
�udg@v,1 Dw ghwhfwru uhdg0rxw udwhv ri :5 K}/ wkh gdwd duh ryhuvdpsohg lq wkh vfdq gluhfwlrq/ wdnlqj rqh
vdpsoh hyhu| 6316 wr 71;8 �udg +51;8 dqg 4:1;5 vdpsohv shu ;< �udg sl{ho,1

Wkh zlgwk ri d vdpsohg srlqw vrxufh +lq plfurudgldqv, zloo eh htxdo wr wkh ghwhfwru vl}h/ �/ soxv wkh
dqjxodu vl}h ri wkh srlqw vrxufh rq wkh irfdo sodqh1 Lq wkh lghdo fdvh/ wkh gl�udfwlrq olplwhg vl}h ri d srlqw
vrxufh zrxog eh wkh gldphwhu ri wkh Dlu| glvn dqg wkh wrwdo dqjxodu h{whqw ri wkh vdpsohg srlqw vrxufh lv
wkhuhiruh

� @ � . 5�
4=55�

g
+43,

zkhuh � lv wkh orqjhvw zdyhohqjwk fryhuhg e| wkh sdvvedqg/ dqg g lv wkh gldphwhu ri wkh whohvfrsh sulpdu|
pluuru/ zklfk iru VSLULW LLL lv 66 fp1 Iru uhdo v|vwhpv/ wkh srlqw vrxufh vl}h lv ghwhuplqhg e| d frqyroxwlrq
ri wkh sl{ho uhvsrqvh dqg wkh edqg dyhudjhg +lq �, Dlu| ixqfwlrq/ dqg lv odujhu wkdq wkh lghdo fdvh1 Lq idfw/
fdoleudwlrq gdwd iurp XVX2VGO lqglfdwhv wkdw wkh SUIv ri wkh VSLULW LLL whohvfrsh duh odujhu wkdq wkh
gl�udfwlrq olplwhg fdvhv1 Lq edqg D/ wkh gldphwhu +wr wkh 4( frqwrxu, ri d srlqw vrxufh lv derxw 4;3 �udg/
ru wzr ghwhfwruv1 Edqg H lv voljkwo| odujhu/ zlwk d gldphwhu ri derxw 543 �udg1 Uhfdoolqj wkdw wkh zlqgrz
vl}h +lq gdwd vdpsohv, ri rxu �owhu ghshqgv rq wkh qxpehu ri vdpsohv lq d srlqw vrxufh/ zh ghwhuplqh wkdw
wkh sxovh vl}h/ Q / vkrxog eh wkh vl}h ri d srlqw vrxufh lq vdpsoh vsdfh=

Q @
�

u
+44,

zkhuh u lv wkh vdpsoh udwh lq udgldqv shu vdpsoh1 Wkh �owhu zlqgrz vl}h vl}h fdq wkhq eh vhw dv O @ 5Q .4/
urxqglqj Q xs wr dq lqwhjhu ydoxh1 Rqh reylrxv frqvhtxhqfh lv wkdw wkh �owhu zlqgrz vl}h zloo eh edqg
ghshqghqw/ vlqfh � lv vhw e| wkh orqjhvw zdyhohqjwk lq wkh edqgsdvv lq txhvwlrq1 Wkh phwkrg zloo euhdn
grzq lq uhjlrqv ri kljk vrxufh ghqvlw| vxfk wkdw wkhuh duh vrxufhv zlwklq Q vdpsohv ri hdfk rwkhu1

Idlqw vrxufh hvwlpdwlrq Wkh LUDV Idlqw Vrxufh Vxuyh| +IVV, H{sodqdwru| Vxssohphqw +Prvklu hw
do1 4<<5, qrwhg wkdw zlqgrzhg �owhuv zloo xqghuhvwlpdwh wkh �x{ ri idlqw vrxufhv gxh wr eldvlqj ri wkh
edfnjurxqg hvwlpdwh e| d vrxufh lq wkh zlqgrz1 Zkloh wuxh iru vrxufhv ri dq| vwuhqjwk/ lw lv d odujhu
shufhqwdjh h�hfw iru idlqw vrxufhv/ uhvxowlqj lq lqfuhdvlqj xqghuhvwlpdwlrq ri vrxufh �x{ dv wkh vljqdo0wr0
qrlvh udwlr +VQU, ghfuhdvhv1 Wkh IVV surfhvvlqj dgrswhg d prgl�hg phgldq �owhu/ zklfk h{foxghg wkh
fhqwudo 8 rxw ri 56 srlqwv/ wr dyrlg wklv sureohp1
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Wr h{dplqh wkh srwhqwldo vhyhulw| ri wklv sureohp iru wkh fdvfdgh dyhudjh �owhu zh udq Prqwh Fduor
vlpxodwlrqv ri gdwd vhwv dw ydulrxv vljqdo wr qrlvh ohyhov/ frpsdulqj uhvxowv iurp wkh fdvfdgh dyhudjh �owhu dqg
d prgl�hg phgldq �owhu dv xvhg e| wkh LUDV IVV1 Lq dgglwlrq wr surylglqj jrrg hvwlpdwhv ri wkh edfnjurxqg
lq wkh uhjlrq ri srlqw vrxufhv/ zh xvh wkh gdwd �owhulqj uhvxowv wr frpsxwh ghwhfwru qrlvh hvwlpdwhv dqg dv
wkh lqsxw wr wkh gl�xvh edfnjurxqg �oh1 Lw lv wkhuhiruh lpsruwdqw wkdw wkh �owhu suhvhuyh wkh fkdudfwhu ri
wkh h{whqghg edfnjurxqg dqg ri wkh qrlvh vshfwuxp1

Wkh vlpxodwlrqv kdyh ghprqvwudwhg wkdw wkh fdvfdgh dyhudjh �owhu surylghv d vxshulru uhvxow wr wkh
prgl�hg phgldq �owhu hvshfldoo| lq frqixvhg uhjlrqv dqg ryhu h{whqghg hplvvlrq1 Zh �qg wkdw dw wkh vrxufh
srvlwlrq/ wkh edfnjurxqg hvwlpdwhv iurp wkh fdvfdgh dyhudjh dqg prgl�hg phgldq �owhuv duh hvvhqwldoo|
wkh vdph1 Wkh ehkdylru r� wkh srlqw vrxufh lv txlwh gl�huhqw krzhyhu1 Hyhq dv wkh prgl�hg phgldq gh0
zhljkwv wkh vrxufh iru wkh _rq% srvlwlrq/ lw dvvxphv lqfuhdvhg zhljkw iru wkh edfnjurxqg hvwlpdwh ri wkh
r�0vrxufh srvlwlrq1 Wkh hvwlpdwh ri wkh edfnjurxqg pdgh e| wkh prgl�hg phgldq �owhu qhdu d srlqw vrxufh
lv ryhuhvwlpdwhg e| derxw 46( lq wkh VQU 418 fdvh1 Wklv wudqvodwhv lqwr wkh dsshdudqfh ri _krohv% durxqg d
srlqw vrxufh lq wkh �owhuhg gdwd1 Wkhvh krohv duh dssduhqw lq �jxuh LLL1D19 ri wkh LUDV Idlqw Vrxufh Vxuyh|
H{sodqdwru| Vxssohphqw/ dqg duh d vhyhuh sureohp lq uhjlrqv zkhuh srlqw vrxufhv duh forvho| vsdfhg1 Wkh
fdvfdgh dyhudjh �owhu lv qrw d�hfwhg dv vhyhuho| lq wkh r�0vrxufh srvlwlrqv +?4( lq wkh VQU 418 fdvh,/ dqg
grhv qrw glj wkh odujh krohv surgxfhg e| phgldq �owhu phwkrgv1 Lw lv wkhuhiruh d ehwwhu �owhu wr xvh lq uhjlrqv
ri kljk vrxufh ghqvlw|/ vxfk dv wkh Jdodfwlf sodqh1

Dqrwkhu duhd lq zklfk wkh fdvfdgh dyhudjh �owhu lv vxshulru wr phgldq �owhulqj phwkrgv lv lq lwv ehkdylru
ryhu h{whqghg hplvvlrq uhjlrqv1 Dv qrwhg lq wkh IVV H{sodqdwru| Vxssohphqw +vhfwlrq LLL1D18, wkh prgl�hg
phgldq �owhu zloo surgxfh qhjdwlyh vlgh0orehv lqwr vwuxfwxuhv odujhu wkdq wkh vfdoh ri srlqw vrxufhv1 Wkh
fdvfdgh dyhudjh �owhu lv ghvljqhg wr suhvhuyh wkh vkdsh ri h{whqghg vrxufhv1 Lq wkh Jdodfwlf sodqh/ zkhuh wkh
pdmrulw| ri wkh PV[ gdwd kdv ehhq wdnhq/ h{whqghg hplvvlrq derxqgv1 Iru erwk srlqw vrxufh lghqwl�fdwlrq
dqg gl�xvh edfnjurxqg ghwhuplqdwlrq lw lv lpshudwlyh wkdw zh uhwdlq kljk �gholw| wr wkh h{whqghg hplvvlrq1
Wkh fdvfdgh0dyhudjh �owhu dffrpsolvkhv wklv jrdo1

Lghqwli|lqj Srlqw Vrxufh Fdqglgdwhv Diwhu �owhulqj wkh gdwd/ uhprylqj wkh edfnjurxqg dqg hvwlpdwlqj
v|vwhp qrlvh/ srwhqwldo srlqw vrxufhv duh lghqwl�hg lq wkh vfhqh1 Iluvw/ d wzr0glphqvlrqdo pdwfkhg �owhu lv
fhqwhuhg rq hdfk srlqw lq wkh +6;7 furvv0vfdq � 5733 lq0vfdq, vfhqh1 D vxevhw ri wkh gdwd lq d zlqgrz
vxuurxqglqj wkh srlqw lv frqyroyhg zlwk wkh pdwfkhg �owhu1 Wkh gdwd zlqgrz lv dq hoolsvh lq gdwd sl{ho
vsdfh/ zkhuh wkh furvv0vfdq h{whqw lv U@g{.5 sl{hov/ dqg U@g| .5 sl{hov lq0vfdq1 Wkh udglxv U lv gh�qhg
lq d frqwuro �oh iru hdfk edqg/ dqg lv wkh h{shfwhg vrxufh h{whqw lq sl{hov1 Wkh txdqwlwlhv g{ dqg g| duh wkh
sl{ho vdpsolqj glvwdqfhv lq iudfwlrqv ri sl{hov1 Iru wkh orqj vfdqv dw 31458 ghj2v/ zh xvh kdyh xvhg 43�Pd

sl{hov lq0vfdq +zkhuhPd lv wkh qxpehu ri dfwlyh froxpqv lq edqg d,/ dqg 8 sl{hov furvv0vfdq iru hdfk froxpq1
Iru Edqg D/ wklv lv d wrwdo ri 733 sl{hov lq wkh zlqgrz1 Iru vorz vfdqv/ wklv fdq eh dv kljk dv 5433 sl{hov1
Frppxqlfdwlrqv wkhru| vkrzv wkdw wr pd{lpl}h wkh VQU/ d pdwfkhg �owhu vkrxog kdyh wkh vdph ixqfwlrqdo
irup dv wkh vljqdo ehlqj vrxjkw1 Lq rxu fdvh/ wklv zrxog phdq xvlqj wkh phdvxuhg SUI dv pdwfkhg �owhu1
Wkh SUI h{lvwv dv d wdexodwhg txdqwlw| rq d �{hg julg1 Dw hyhu| srlqw zkhuh lw lv wr eh hydoxdwhg/ d elolqhdu
lqwhusrodwlrq pxvw eh shuiruphg1 Iru d jlyhq vfhqh/ wklv frxog eh dv pdq| dv 5433 � 6;7� 5733 lqvwdqfhv1
Vlqfh wklv vwhs lv xvhg rqo| wr lghqwli| srwhqwldo srlqw vrxufh orfdwlrqv lq wkh gdwd dqg qrw wr hvwlpdwh
sdudphwhuv/ zh vlpsoli| wkh pdwfkhg �owhu surfhvv e| xvlqj d fxelf E0vsolqh iru wkh SUI1 Wkh qrlvh lq wkh
pdwfkhg �owhuhg vfhqh lv wkhq hvwlpdwhg/ dqg wkh vfhqh wkuhvkroghg deryh wklv ohyho1 D jlyhq srlqw vrxufh
pd| surgxfh d qxpehu ri gdwd srlqwv deryh wkh wkuhvkrog1 Wkhvh duh h{dplqhg wr �qg wkh orfdo pd{lpxp/
zklfk lv uhsruwhg dv wkh lqlwldo jxhvv dw srlqw vrxufh srvlwlrq1
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Sdudphwhu Hvwlpdwlrq Iru hdfk vrxufh lq edqg d zh hvwlpdwh wkh vrxufh udgldqfh/ Ud/ dqg srvlwlrq
+�> �,d vlpxowdqhrxvo| xvlqj d "5 plqlpl}dwlrq whfkqltxh1 Zh prgho wkh gdwd xvlqj wkh srvlwlrq ghshqghqw
SUI/ Kd1 Wkh SUI ri hdfk edqg zdv phdvxuhg rq0ruelw dv sduw ri wkh vsdfhfudiw fdoleudwlrq dw wkh wrs/
plggoh/ dqg erwwrp ri hdfk irfdo sodqh1 Wkh phdvxuhg SUI/ K

3

/ zdv qrupdol}hg wr d shdn ydoxh ri xqlw|/
vxfk wkdw wkh h�hfwlyh �hog ri ylhz ri wkh SUI lv jlyhq e|

HIRY @ �{�|
P[
n@4

K
3

n +45,

zkhuh �{ dqg �| duh wkh julg vdpsoh vsdflqjv +lq udgldqv, dqg wkh SUI lv vdpsohg dw P srlqwv1 Iru wkh
srlqw vrxufh h{wudfwlrq vriwzduh/ wkh phdvxuhg SUI lv uhqrupdol}hg vr wkdw

Kn @
K

3

n

PS
n@4

K
3

n

+46,

ru

P[
n@4

Kn @ 4 +47,

zklfk yroxph qrupdol}hv wkh SUI1
Zh fdq prgho d gdwxp rq duud| +edqg, d dw d jlyhq srlqw l lq wkh HIRY zlqgrz dv +ljqrulqj wkh qrlvh

frqwulexwlrq,

gd>l @ UdKd+{l � �> |l � �,= +48,

Iru d vlqjoh srlqw vrxufh wkhq/ zh ghwhuplqh wkh udgldqfh dqg srvlwlrq e| plqlpl}lqj "5/ zklfk lv jlyhq e|

"5 @
Q[
l@4

�
�d>l � gd>l

�d>l

�5
= +49,

Lq Htxdwlrq +49,/ �d>l dqg �d>l duh wkh phdvxuhg gdwd dqg dvvrfldwhg vwdqgdug ghyldwlrq dw ghwhfwru l ri
edqg d1 Q lv wkh qxpehu ri gdwd srlqwv lq wkh gdwd zlqgrz dv ghvfulehg lq wkh deryh vxevhfwlrq1 Li zh dovr
wdnh wkh srvvlelolw| ri eohqghg vrxufhv lqwr dffrxqw/ wkh txdqwlw| plqlpl}hg lv

"5 @
Q[
l@4

5
9997
�d>l �

NS
n@4

Un>dKd+{l � �n> |l � �n,

�d>l

6
:::8

5

+4:,

zkhuh N lv wkh qxpehu ri srlqw vrxufhv lq wkh gdwd zlqgrz1 Zh xvh wkh Ohyhqehuj0Pdutxdugw whfkqltxh/
dgdswhg iurp wkh frgh ghvfulehg e| Suhvv hw do1 +4<<5,1 Wkh whfkqltxh shuirupv d vlpxowdqhrxv �w ri wkh
wkuhh sdudphwhuv/ dv zhoo dv surylglqj d irupdo fryduldqfh pdwul{1

Lq wkh deryh surfhgxuh/ wkh gdwd/ �{>l lv uhsruwhg lq udgldqfh xqlwv riZ �fp�5 �vu�41 Wkh vroxwlrq wr wkh
"5 plqlpl}dwlrq uhsruwv wkh udgldqfh lq d vlqjoh SUI gdwd hohphqw fhqwhuhg rq d srlqw vrxufh ri udgldqfh
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Ud +vlqfh wkh SUI kdv ehhq yroxph qrupdol}hg,1 Wr ghwhuplqh wkh luudgldqfh/ zh pxvw pxowlso| wklv uhvxow
e| wkh h�hfwlyh �hog ri ylhz ri d SUI gdwd hohphqw/ $HIRY 1

Wkh SUI lv vdpsohg rq d uhjxodu julg zkhuh �{ @ �| @ 7=499: � 43�9 udgldqv1 Iru d vwdulqj vhqvru/
zlwk d yroxph qrupdol}hg SUI/ zh gh�qh wkh h�hfwlyh �hog ri ylhz ri wkh SUI hohphqw dv

$HIRY +vwdulqj, @

]]
Kg @

P[
n@4

Kn�{�| @ �{�|
P[
n@4

Kn @�{�|= +4;,

Zkhq wkh vhqvru lv xvhg lq vfdq prgh/ wkh fryhudjh ri dgglwlrqdo duhd gxulqj wkh sl{ho gzhoo wlph pxvw eh
wdnhq lqwr dffrxqw1 Iru d SUI wkdw gh�qhv d shuihfwo| flufxodu �hog ri ylhz zkloh vwdulqj/ wkh vfdq prgh
�hog ri ylhz lv dq hoolsvh1 Frqvlghu wkh fdvh ri d shuihfwo| flufxodu SUI ri udglxv U udgldqv/ wdnlqj gdwd dw
d vfdq udwh ri � udgldqv shu vhfrqg ryhu d gzhoo wlph ri �w vhfrqgv iru hdfk gdwd vdpsoh/ dqg vfdqqlqj lq
wkh | gluhfwlrq1 Zkloh wkh furvv0vfdq d{lv lv vwloo 5U/ wkh lq0vfdq d{lv lv qrz 5U. ��w1 Wkh h�hfwlyh �hog ri
ylhz ri wkh v|vwhp lv qrz �U5+4 . ��w

5U
, vwhudgldqv1

Lq wkh fdvh ri wkh PV[ gdwd/ zh nqrz wkh lqvwdqwdqhrxv vfdq udwh iurp wkh Gh�qlwlyh Dwwlwxgh Iloh/ dqg
wkh gzhoo wlph dv d ixqfwlrq ri jdlq prgh1 Iru wkh vfdq prgh fdofxodwlrq/ zh ghulyh dq h�hfwlyh SUI udglxv/
UHII / edvhg rq wkh dvvxpswlrq wkdw wkh SUI lv flufxodu zlwk dq h�hfwlyh duhd ri HIRY vwhudgldqv1 Wkh
h�hfwlyh �hog ri ylhz iru rxu SUI gdwd hohphqw lv wkhuhiruh

$HIRY @ �{�|

�
4 .

��w

5UHII

�
@

�
4 .

��w

5UHII

�
� 4=:69� 43�44 vwhudgldqv1 +4<,

Qrlvh hvwlpdwlrq Wkh sdudphwhu �w uhtxluhv wkdw hdfk gdwd srlqw kdyh dq dvvrfldwhg qrlvh ydoxh/ e|
zklfk wkh ydoxh lv zhljkwhg1 Zh kdyh xvhg d wzr frpsrqhqw qrlvh prgho/ pdgh xs ri ghwhfwru qrlvh dqg
Srlvvrq qrlvh zkhuh

�5+l> w, @ �5ghwhfwru +l, . �5skrwrq+l> w, +53,

iru d jlyhq ghwhfwru/ l/ dw uhdgrxw iudph wlph w1
Wkh ghwhfwru qrlvh lv frpsxwhg iurp wkh 5733 ydoxhv ri wkh kljk iuhtxhqf| frpsrqhqw ri wkh �owhuhg gdwd

iru hdfk ghwhfwru lq wkh irfdo sodqh duud|1 Srlqw vrxufhv kdyh ehhq uhpryhg iurp wkh gdwd wr suhyhqw eldvlqj
wkh yduldqfh hvwlpdwh wr kljkhu ydoxhv1 Wkh Srlvvrq qrlvh frpsrqhqw lv d vwdwlvwlfdo frqvhtxhqfh ri wkh idfw
wkdw wkh ghwhfwruv duh skrwrq frxqwhuv1 Wkh VSLULW LLL lqvwuxphqw whdp dw XVX2VGO prghohg wkh v|vwhp
qrlvh dv wkh urrw vxp ri wkh yduldqfh lq ghwhfwru qrlvh dqg wkh yduldqfh ri wkh Srlvvrq glvwulexwlrq htxdo wr
wkh phdq1 Wkh vwdqgdug ghyldwlrq ri wkh skrwrq qrlvh lv

�skrwrq @ D
s
u +54,

zkhuh D lv wkh skrwrq qrlvh frh�flhqw/ dqg u wkh r�vhw dqg olqhdulw| fruuhfwhg uhvsrqvh lq frxqwv1 Dv sduw
ri wkh jurxqg fdoleudwlrq surfhgxuh dw VGO/ ghwhfwru qrlvh dqg wkh skrwrq qrlvh frh�flhqw zhuh ghwhuplqhg
iru hdfk VSLULW LLL duud| dqg lqwhjudwlrq prgh1 Wkhvh ydoxhv/ iurp Wdeoh 5175 ri wkh _VSLULW LLL Lqiuduhg

Vhqvru Jurxqg Fdoleudwlrq Uhsruw lq Vxssruw ri FRQYHUW 613% duh xvhg lq wkh srlqw vrxufh h{wudfwru wr
ghwhuplqh �5skrwrq+l> w,1

71615 Phujlqj Pxowlsoh Revhuydwlrqv

Wkh PV[ vxuyh| h{shulphqwv zhuh ghvljqhg iru uhgxqgdqw revhuydwlrqv1 Doo exw derxw 53( ri wkh Jdodfwlf
sodqh zdv vxuyh|hg irxu wlphv zkloh wkh fryhudjh lv pxfk kljkhu lq sruwlrqv ri wkh LUDV jdsv1 Wkh frq�uplqj
revhuydwlrqv zhuh xvhg wr uhmhfw vsxulrxv vrxufhv dqg frpelqhg wr lpsuryh sdudphwhu hvwlpdwlrq1
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Edqg Phujh Xqolnh LUDV/ zklfk wuhdwhg wkh revhuydwlrqv lq hdfk edqg dv dq lqghshqghqw vxuyh|/ wkh
gdwd iurp gl�huhqw froruv iurp d vlqjoh GFH zhuh phujhg ehiruh vhdufklqj iru frq�uplqj revhuydwlrqv1 Wkh
irfdo sodqh duud|v lq PV[ edqgv D/ G dqg H duud|v zhuh dffxudwho| vxshulpsrvhg dv zhuh wkh E dqg F
duud|v zlwk glfkurulf �owhuv1 Wkh uhodwlyh srvlwlrq huuru iru vrxufhv ghwhfwhg lq wkh gl�huhqw edqgv zdv yhu|
vpdoo/ ohvv wkdq 433/ dqg pxfk pruh dffxudwh wkdq wkh devroxwh srvlwlrq huuru iru d vlqjoh vfdq/ �7331

Wkh edqg phujh surjudp xvhv dvvrfldwhg vruwv wr txlfno| orfdol}h d frpsdulvrq olvw wr wkh qhljkerukrrg
ri wkh vhohfwhg vrxufh1 Wkh vrxufhv duh vruwhg lq rughu ri ghfuhdvlqj vljqdo wr qrlvh +VQU,/ wkh kljkhvw VQU
vrxufh lv wkh vhhg1 Diwhu lw kdv ehhq edqg phujhg/ wkh vrxufh zlwk wkh qh{w kljkhvw VQU ehfrphv wkh vhhg
dqg vr iruwk1

Eruhvljkw Srlqwlqj Uh�qhphqw Wkh Gh�qlwlyh Dwwlwxgh Ilohv +GDIv, vxssolhg zlwk wkh Ohyho 4D gdwd
w|slfdoo| kdg devroxwh srlqwlqj huuruv ri 7833 +hyhq odujhu rq rffdvlrq,1 D Xvhu Urwdwlrq Pdwul{ lq Srlqwlqj
FRQYHUW/ zlwk ghidxowv ri }hur/ shuplwv d wlph ghshqghqw vhw ri frruglqdwh wudqvirupdwlrqv wr fruuhfw wkh
srlqwlqj1 Wkh Eruhvljkw Srlqwlqj Uh�qhphqw +ESU, surjudp fdofxodwhg d d ohdvw vtxduhv sr|qrpldo �w wr
wkh gl�huhqfhv ri wkh srvlwlrqv suhglfwhg e| wkh GDI iru wkh dvwurphwulf vwduv ghwhfwhg lq Edqg D lq d GFH
dqg wkhlu dvwurphwulf srvlwlrqv1 Rqo| Edqg D h{wudfwlrqv zhuh xvhg lq wkh srlqwlqj xsgdwhv dv wklv edqg
zdv �43 wlphv pruh vhqvlwlyh wkdq wkh rwkhuv1 ESU wudqvirupv wkh sro|qrpldo �w lqwr wkh wlph ghshqghqw
fruuhfwlrq iru wkh Xvhu Urwdwlrq Pdwul{ iru d jlyhq GFH1

Vrxufhv h{wudfwhg iurp d GFH duh dvvrfldwhg zlwk wkrvh lq wkh PV[ Lqiuduhg Dvwurphwulf Fdwdorj
Yhulrq 715141 Hjdq ) Sulfh +4<<9, fuhdwhg wklv fdwdorj dv d uhvrxufh iru lpsurylqj wkh srlqwlqj rq wkh PV[
Fhohvwldo Edfnjurxqg h{shulphqwv1 Wklv fdwdorj dgguhvv wkh gh�flhqflhv lq wkh FSLUVV fdwdorj +Klqgvoh| )
Kduulqjwrq 4<<7, zklfk pdgh FSLUVV xqvxlwdeoh iru xsgdwlqj wkh PV[ srvlwlrqv1 Wkh PV[ LU Dvwurphwulf
fdwdorj frqwdlqv 4::/;93 dvwurphwulf vwduv nqrzq ru fdofxodwhg wr eh euljkwhu wkdq ;wk pdjqlwxgh lq Edqg D>
94/575 ri wkhvh kdyh lqiuduhg frxqwhusduwv lq wkh LUDV SVF dqg IVF ru wkh Fdwdorj ri Lqiuduhg Revhuydwlrqv
+Jh}dul hw do1 4<<6,1 ESU irupv dvvrfldwlrqv iru doo dvwurphwulf vwduv zlwklq 3136� ri wkh srvlwlrqv ri wkh
h{wudfwhg Edqg D vrxufhv1 D �x{ fulwhulrq lv dssolhg wr jlyh d vlqjoh pdwfk zkhq pruh wkdq rqh PV[ remhfw
lv dvvrfldwhg zlwk d jlyhq dvwurphwulf vwdu1 Wkh 3136� dvvrfldwlrq udglxv lv wkh pd{lpxp huuru doorzhg e|
ESU dv wkh urxwlqh grhv qrw lwhudwh rq wkh dvvrfldwlrqv1 Wkh qxpehu ri dvvrfldwlrqv udqjh iurp �48 iru
vkruw GFH vhjphqwv wr ryhu 833 iru d Jdodfwlf sodqh vxuyh| vfdq1

ESU wlph rughuv wkh dvvrfldwhg h{wudfwlrqv1 Srlqwlqj FRQYHUW lv xvhg wr wudqvirup wkh dvwurphwulf
srvlwlrqv lqwr irfdo sodqh frruglqdwhv1 Dq lwhudwhg/ zhljkwhg ohdvw vtxduh vroxwlrq iru wkh lq0vfdq dqg/
lqghshqghqwo|/ furvv0vfdq huuruv lv fdofxodwhg1 Wkh lqlwldo vroxwlrq xvhv htxdo zhljkwv dqg vxevhtxhqw vroxwlrqv
zhljkw wkh ydoxhv e| wkh lqyhuvh ri wkh ghyldwlrqv ghwhuplqhg e| wkh suhylrxv �w1 Wkh lwhudwlrqv frqwlqxh
xqwlo d plqlpxp lv irxqg lq wkh "5 ydoxh ri wkh �w1 Wkh rughu ri sro|qrpldo lv dovr lwhudwhg/ prvw vroxwlrqv
frqyhujh wr �iwk rughu1 Wkh zhljkwlqj uhgxfhv wkh lq�xhqfh ri rxwolhuv zlwk odujh ghyldwlrqv uhfhlylqj vpdoo
zhljkwv1 Wkh zhljkwhg lwhudwhg vroxwlrq lv hvvhqwldo wr uhgxfh wkh lq�xhqfh ri vsxulrxv pdwfkhv dulvlqj iurp
wkh srvlwlrq rqo| fulwhulrq1 Wkh lwhudwlrqv gr qrw wulp wkh gdwd e| Fdxfk| hglwlqj/ iru h{dpsoh1 Dfwxdoo|/
wkuhh lq0vfdq vroxwlrqv zhuh ghulyhg iru wkh wrs/ plggoh dqg erwwrp wklug ri wkh irfdo sodqh wr orrn iru huuruv
lqgxfhg e| urwdwlrq derxw wkh lqvwuxphqw eruhvljkw1 Wkhuh zdv qr frqylqflqj hylghqfh wkdw vxfk huuruv
h{lvwhg1

Srlqwlqj FRQYHUW surylghv d srlqwlqj klvwru| iurp wkh GDI dqg d vprrwkhg %fruuhfwhg% wlph klvwru|
e| lqyhuwlqj wkh ohdvw vtxduhv vroxwlrq1 Wkh gl�huhqfh lv xvhg wr irup wkh Xvhu Urwdwlrq Pdwul{1 Wkh
Srlqwlqj FRQYHUW jhqhudwhv d qhz srlqwlqj wlph klvwru| xvlqj wkh GDI dqg Xvhu Urwdwlrq Pdwul{ dqg
d qhz ohdvw vtxduhv vroxwlrq lv ghulyhg dqg wkh dssursuldwh fruuhfwlrqv duh dssolhg wr wkh Xvhu Urwdwlrq
Pdwul{1 Wkh surfhgxuh lv lwhudwhg xqwlo wkh vroxwlrq xvlqj wkh GDI dqg xsgdwhg Xvhu Urwdwlrq Pdwul{
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frqyhujhv wr d vshfl�hg plqlpxp yduldqfh ru d pd{lpxp qxpehu ri lwhudwlrqv lv uhdfkhg1
Wkh GDIv rffdvlrqdoo| surgxfhg glvfrqwlqxlwlhv lq wkh prwlrq ri wkh eruhvljkw1 Wkhvh glvfrqwlqxlwlhv

zhuh/ dw prvw/ d frxsoh ri duf plqxwhv dqg zhuh lqhylwdeo| wudfhg wr wlphv zkhq wkh �yh euljkwhvw vwduv xvhg
iru wkh vwdu wudfnhu xsgdwhv fkdqjhg1 ESU kdv surylvlrqv iru vhjphqwlqj wkh xsgdwhv wr dffrpprgdwh wklv
vlwxdwlrq1

Vfdq Phujh Iroorzlqj Edqg Phujh/ vrxufhv iurp ryhuodsslqj vfdqv duh phujhg1 Vfdq phujh lv d wzr vwhs
surfhvv1 Wkh �uvw sdvv xvhv d srvlwlrqdo fulwhulrq wkdw lghqwl�hv doo vrxufhv zlwklq d vshfl�hg glvwdqfh ri
hdfk rwkhu1 Wkh vhfrqg sdvv ghwhuplqhv zklfk ri dq| pxowlsoh dvvrfldwlrqv duh prvw olnho|/ wkhq fdofxodwhv
d zhljkwhg phdq iru wkh �x{ dqg srvlwlrq1 Vrxufhv duh dovr �djjhg iru yduldelolw|/ frqixvlrq dqg li wkh| duh
qrw srlqw0olnh1

Sdvv 4 Phujh Wkh lqlwldo dvvrfldwlrqv zhuh pdgh li wkh srvlwlrqdo gl�huhqfh ri wkh vhhg dqg fdqglgdwh
vrxufh/ �u/ vdwlv�hv wkh frqglwlrq=

�u5

�5lq+vhhg, . �5{+vhhg, . �5lq+fdqglgdwh, . �5{+fdqglgdwh,
? 43= +55,

Lq Htq1 +55,/ wkh �lq dqg �{ duh wkh xqfhuwdlqwlhv lq wkh lq0vfdq dqg furvv0vfdq srvlwlrqv1 Dv iru wkh Edqg
Phujh surfhgxuh/ zh xvh dq VQU rughuhg olvw wr fkrrvh rxu vhhg vrxufhv1 Lq wklv fdvh/ zh kdyh VQU rughuhg
wkh Edqg Phujhg vrxufh olvw1

Sdvv 5 Phujh Wkh vhfrqg sdvv lghqwl�hv wkh prvw olnho| dvvrfldwlrq1 Vshfl�f dffrxqw lv wdnhq ri wkh
dvshfw ghshqghqw huuru hoolsvhv dqg/ zkhq qhfhvvdu|/ �x{ lqirupdwlrq1 Zkloh wkh upv huuru lq wkh uh�qhg
srvlwlrqv iurp ESU lv derxw 61833 lq erwk lq0vfdq dqg furvv0vfdq/ wkh pdjqlwxgh dqg dv|pphwu| ri wkh huuru
hoolsvh fdq ydu| iurp vfdq wr vfdq1

Wkh sureohp ri ghwhuplqlqj zkhwkhu wzr phdvxuhphqwv iurp gl�huhqw vfdqv duh ri wkh vdph vrxufh fdq
eh h{suhvvhg lq vwdwlvwlfdo whupv dv whvwlqj wkh k|srwkhvlv wkdw wkh phdqv ri wzr glvwulexwlrqv duh wkh vdph1
Lq rxu fdvh/ wkh wzr glvwulexwlrqv duh wkh vdpsohv ri phdvxuhphqwv iurp wkh vhhg vfdq dqg dq| rwkhu vfdq1
Wkhvh glvwulexwlrqv kdyh nqrzq yduldqfhv1 Lq jhqhudo/ wkh whvw frqglwlrq iru whvwlqj wkh k|srwkhvlv wkdw wkh
phdq ri wzr glvwulexwlrqv lv wkh vdph/ zkhuh wkh yduldqfh ri erwk glvwulexwlrqv lv nqrzq/ lv

{4 � {5s
�54@q4 . �55@q5

+56,

zkhuh {4 lv wkh phdq ydoxh dv ghwhuplqhg e| q4 lqghshqghqw phdvxuhphqwv iurp glvwulexwlrq 4/ dqg olnhzlvh
iru glvwulexwlrq 51 D frq�ghqfh ohyho lv xvhg wr ghwhuplqh li wkh phdqv duh wkh vdph1 Wkh phdq ydoxh ri
wkh srvlwlrq lq d jlyhq vfdq lv fdofxodwhg iurp wkh lqglylgxdo srvlwlrq gdwd lq hdfk froru wkdw wkh vrxufh zdv
vhhq1

Wkh huuruv iru wkh PV[ vrxufh h{wudfwlrqv kdyh lqghshqghqw lq0vfdq dqg furvv0vfdq srvlwlrq yduldqfhv1
Wkh ESU uhvxowv lqglfdwh wkdw wkh huuru glvwulexwlrq lq erwk gluhfwlrqv lv qrupdo/ vr wkh huuruv kdyh d el0
qrupdo glvwulexwlrq1 Wkh fulwhulrq wr dffhsw wkh k|srwkhvlv wkdw wzr phdvxuhphqwv duh ri wkh vdph vrxufh
lv

"5 @
�u5lq

�5lq>4@q4 . �5lq>5@q5
.

�u5{
�5{>4@q4 . �5{>5@q5

? Q= +57,

Zh vhw Q @ 4;=7 zklfk lq d wzr0glphqvlrqdo el0qrupdo glvwulexwlrq lv wkh <<1<<( frq�ghqfh ohyho1
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71616 Ghwhuplqdwlrq ri Fdwdorjxhg Vrxufh Sdudphwhuv

Rqfh wkh surshu vfdq0wr0vfdq phujhv duh irxqg/ wkh ehvw ydoxhv ri wkh vrxufh sdudphwhuv +srvlwlrq dqg
luudgldqfh, dqg wkhlu uhvshfwlyh xqfhuwdlqwlhv duh fdofxodwhg1

Srvlwlrq Gdwd Iru prvw ri wkh vxuyh| phdvxuhphqwv/ _lq0vfdq% fruuhvsrqgv wr olqhv ri frqvwdqw Jdodfwlf
odwlwxgh1 Iru wkh LUDV jdsv/ wkh lq0vfdq gluhfwlrq lv dorqj olqhv ri qhduo| frqvwdqw hfolswlf orqjlwxgh1 Iru
prvw vrxufhv/ uhgxqgdqw vfdqv kdyh qhduo| fr0doljqhg huuru hoolsvhv1 Wklv rqo| euhdnv grzq qhdu wkh Qruwk
Hfolswlf Sroh dqg zkhuh wkh hfolswlf vfdqv furvv wkurxjk wkh Jdodfwlf sodqh vfdqv1

Lq wkh jhqhudo fdvh/ zlwk Q ghwhfwlrqv ri d vrxufh/ wkh �qdo UD dqg Ghf1 +�> �, duh jlyhq e|

� @

QS
l@4

zl>��l

QS
l@4

zl>�

> � @

QS
l@4

zl>��l

QS
l@4

zl>�

+58,

zkhuh iru d jlyhq vfdq +l, wkh zhljkwv duh=

z� @
4

+�$� lq � e�,5 . +�$� { � e�,5 @
4

�5lq vlq
5+�, . �5{ frv

5+�,
> +59,

z� @
4

+�$� lq �
e�,5 . +�$� { �

e�,5 @
4

�5lq frv
5+�, . �5{ vlq

5+�,
= +5:,

Wkh yduldeoh � lv wkh dqjoh/ phdvxuhg Hdvw iurp Qruwk/ ri wkh lq0vfdq d{lv ri wkh huuru hoolsvh dw wkh srlqw
lq txhvwlrq1

Wkh huuru lq wkh uhsruwhg srvlwlrq lv ghwhuplqhg e| frqyroylqj wkh 50G huuru hoolsvh/ pdnlqj wkh dv0
vxpswlrq wkdw erwk wkh lq0vfdq dqg furvv0vfdq xqfhuwdlqw| glvwulexwlrqv duh jdxvvldq1 H{dplqdwlrq ri wkh
lqglylgxdo vfdq gdwd lqglfdwh wkdw wklv lv d ydolg dvvxpswlrq1 Wkh wrwdo huuru glvwulexwlrq iru hdfk lqglylgxdo
vfdq lv wkhuhiruh d el0qrupdo glvwulexwlrq1 Frqyroylqj wkh Q xqfhuwdlqw| glvwulexwlrqv iru wkh dssursuldwh
vfdqv wkhuhiruh |lhogv dqrwkhu el0qrupdo glvwulexwlrq1 Frqvlghu wkh fdvh ri wzr huuru hoolsvhv zlwk sdudphwhuv
+�> d> e, dqg +�

3

> s> t, zkhuh d dqg s duh wkh lq0vfdq 4� xqfhuwdlqwlhv dqg wkh xqfhuwdlqw| glvwulexwlrqv duh
jlyhq e|

i @ D h{s
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�

|5

d5
�

{5

e5
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> i
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@ D
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h{s

�
�

|5

s5
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{5

t5

�
= +5;,

Lw fdq eh hdvlo| vkrzq wkdw wkh uhvxowlqj huuru hoolsvh kdv wkh sdudphwhuv +!> x> y, zkhuh

4

x5
@

4

5

%
frv 5�+ 4

d5
�

4

e5
, . frv 5�3+ 4

s5
�

4

t5
,

frv 5!
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4

d5
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4

e5
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4

s5
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4

t5
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> +5<,

dqg

4

y5
@

4

d5
.

4

e5
.

4

s5
.

4

t5
�

4

x5
= +63,

Lq wkrvh fdvhv zkhuh wkh vfdqv duh fr0doljqhg/ wkh uhvxowlqj huuru hoolsvh lq0vfdq dqg furvv0vfdq d{hv gr

fruuhvsrqg wr wkh dfwxdo lq0vfdq2furvv0vfdq gluhfwlrqv1 Iru wkrvh fdvhv zkhuh wkh vfdqv duh qrw fr0doljqhg/
wkh uhsruwhg d{hv gr qrw fruuhvsrqg wr dq| sk|vlfdo txdqwlw|/ exw rqo| uh�hfw wkh vwdwlvwlfdo glvwulexwlrq ri
huuru lq wkh phdvxuhphqw1
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Luudgldqfh Gdwd Wkh luudgldqfh iru hdfk edqg lv fdofxodwhg dv wkh zhljkwhg phdq ri wkh phdvxuhphqwv1
Ehfdxvh wkh yduldqfh uhsruwhg rxw ri wkh fryduldqfh pdwul{ ri wkh �w whqgv wr eh yhu| vpdoo iru yhu| kljk
VQU vrxufhv/ zh kdyh irxqg wkdw zhljkwlqj wkh luudgldqfh e| wkh uhgxfhg "5 txdqwlw| |lhogv d ehwwhu ydoxh
iru wkh luudgldqfh1 Wklv lv edvhg rq frpsdulvrq ri wkh PV[ uhvxowv wr LVR vshfwud iru euljkw Zroi0Ud|hw
vwduv +ydq ghu Kxfkw hw do1 4<<9, Wklv lv olnho| wr eh wkh fdvh ehfdxvh ri wkh juhdwhu suredelolw| ri kljk VQU
vrxufhv ehlqj glvuxswhg e| edg sl{hov/ exw vwloo ehlqj lghqwl�hg dv srlqw vrxufhv zklfk �w wkh SUI1 D kljk
"5 ydoxh lqglfdwhv/ krzhyhu/ wkdw wkh pdwfk wr wkh SUI zdv srru1 Wkh luudgldqfh/ O/ iru Q ghwhfwlrqv lq d
jlyhq edqg/ d/ lv jlyhq e|

Od @

QS
l@4

Od>l

"5
d>l

QS
l@4

4

"5
d>l

= +64,

Wkh xqfhuwdlqw| dvvrfldwhg zlwk wklv ydoxh lv jlyhq e|

�Od
@

yxxxxxxw

QS
l@4

�5
d>l

"5
d>l

QS
l@4

4

"5
d>l

. �5d>GFDWW > +65,

zkhuh �d>l lv wkh xqfhuwdlqw| +(, dvvrfldwhg zlwk wkh h{wudfwlrq phwkrg lq wkh edqg d/ dqg �d>GFDWW lv
wkh xqfhuwdlqw| lqkhuhqw lq luudgldqfh phdvxuhphqwv iurp VSLULW LLL edqg d gxh wr fdoleudwlrq lvvxhv dv
rxwolqhg lq vhfwlrq 715151

Zh dovr fdofxodwh wkh yduldqfh ri wkh Q phdvxuhphqwv derxw wklv zhljkwhg phdq1 Li wkhuh lv rqo| 4
phdvxuhphqw lq d edqg/ wklv txdqwlw| lv vhw wr 0<<131

Lq fdvhv zkhuh d vrxufh zdv qrw ghwhfwhg lq d sdvvedqg/ zh jlyh wkh qhjdwlyh ri wkh xsshu olplw ri wkh
luudgldqfh1 Wklv olplw lv wdnhq wr eh wkh olplwlqj luudgldqfh iru vrxufh ghwhfwlrq iru wkh prvw vhqvlwlyh vfdq
fryhulqj wkh duhd ri wkh vn| lq txhvwlrq1 Wkh �x{ xqfhuwdlqw| ydoxhv dqg phdvxuhphqw yduldqfh duh vhw wr
0<<13 lq wklv fdvh1

71617 Iodjv

Dv dq dlg wr xvhuv/ zh kdyh d qxpehu ri �djv wr lqglfdwh frqfhuqv derxw gdwd txdolw|1 Wkhvh frqfhuqv dqg
krz wkh| kdyh ehhq ghdow zlwk kdyh ehhq glvfxvvhg deryh/ exw wkh �djv duh wkh rqo| zd| d xvhu ri wkh fdwdorj
nqrzv zkhq d vrxufh phdvxuhphqw lv srwhqwldoo| sureohpdwlf1 Zh lqfoxgh lq wklv fdwdorj irxu lpsruwdqw
�djv iru hdfk edqg1 Rqh ryhudoo phdvxuhphqw txdolw| �dj dqg wkuhh vshfl�f �djv iru yduldelolw|/ frqixvlrq/
dqg phdvxuhphqw uholdelolw|1 Hdfk �dj kdv d ydoxh iru hdfk edqg1

Wkh ryhudoo �x{ txdolw| �dj/ Td +zkhuh d ghqrwhv wkh edqg ghvljqdwlrq D�H,/ fdq wdnh rq ydoxhv iurp
}hur wr irxu1 Wkh phdqlqj ri wkh �djv dqg wkh frqglwlrqv xqghu zklfk ydoxhv duh dvvljqhg duh vkrzq lq Wdeoh
81 Wkh qxpehu ri vljkwlqjv uhtxluhg iru wkh LUDV jds vrxufhv duh lqfuhdvhg lq rughu wr plqlpl}h vsxulrxv
vrxufhv lq duhdv zkhuh pdq| vfdqv ryhuods1

Wkh yduldelolw| �dj/ Yd/ uh�hfwv wkh yduldqfh lq wkh lqglylgxdo phdvxuhphqwv djdlqvw wkh h{shfwhg xqfhu0
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Ydoxh Phdqlqj Frqglwlrqv +Jdodfwlf sodqh, Frqglwlrqv +LUDV jdsv,
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Q @ 5( 5�+KLJK� 7=3
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Wdeoh 8= Iox{ Txdolw| �dj ohyhov1

wdlqw| ri wkh txrwhg luudgldqfh iru edqg d1 Lw fdq eh hlwkhu 3 ru 4 xqghu wkh frqglwlrqvyxxw 4

Q�4

%
+
QS
m@4

O5d>m, �QOd

&

�Od

� 6> Y @ 3 +66,yxxw 4

Q�4

%
+
QS
m@4

O5d>m, �QOd

&

�Od
A 6> Y @ 4=

Wkh dfwxdo txdqwlw| fdofxodwhg lq wkh deryh htxdwlrq lv dovr jlyhq lq wkh fdwdorj olvwlqj1
Wkh frqixvlrq �dj/ Fd/ fdq dovr wdnh rq ydoxhv ri hlwkhu 3 ru 41 ]hur ghqrwhv dq xqfrqixvhg vrxufh/ zkloh

4 lqglfdwhv wkdw wkhuh lv d srwhqwldo frqixvlrq sureohp1 Frqixvlrq lq wklv fdvh phdqv wkdw wkhuh zhuh wzr +ru
pruh, vrxufhv lq wkh edqg lq txhvwlrq lq dw ohdvw rqh ri wkh vfdqv/ zklfk ihoo zlwklq wkh <<1<<( frq�ghqfh
hoolsvh ghvfulehg deryh/ ru wkhuh zhuh dw ohdvw wzr vrxufhv lq d jlyhq vfdq dqg edqg zlwklq d udglxv ri 418
ghwhfwru sl{hov +5:33, ri wkh vhhg vrxufh1

Wkh �qdo �dj lq wkh fdwdorj lv d phdvxuhphqw uholdelolw| �dj/ Ud/ edvhg rq krz zhoo wkh vrxufh h{wudfwru
zdv deoh wr �w wkh SVI/ dv ghwhuplqhg e| wkh ydoxh ri wkh uhgxfhg "51 Wkh �dj dovr uh�hfwv wkh VQU ohyho
ri wkh ghwhfwlrqv1 Wkh �dj fdq wdnh rq ydoxhv iurp }hur wr qlqh dffruglqj wr wkh irupxod

Ud @ Ud>"5 .Ud>VQU +67,

ru Ud @ < li wkh vrxufh zdv qrw ghwhfwhg lq wkdw edqg1
Li doo ghwhfwlrqv lq edqg d kdyh "5 ? 6/ wkh Ud>"5 frpsrqhqw lv vhw wr }hur1 Wkh Ud>"5 frpsrqhqw wdnhv rq

d ydoxh ri 4 li vrph "5 ydoxhv duh juhdwhu wkdq 6 dqg vrph duh ohvv wkdq wkuhh1 Lw lv vhw wr 5 li doo h{wudfwlrqv
lq wkh edqg kdyh "5 A 61 Li doo h{wudfwlrqv duh srru �wv wr wkh SUI/ wklv lv jhqhudoo| dq lqglfdwlrq wkdw
wkh vrxufh lv hpehgghg lq vrph qhexorvlw|1 Lw lv riwhq wkh fdvh wkdw txdolw| 5 �djv duh vhhq lq edqgv D dqg
H iru vrxufhv lq wkh Jdodfwlf sodqh1 H{dplqdwlrq ri wkh PV[ lpdjh gdwd vkrzv wkdw qhexorvlw| lv pruh ri
d sureohp dw wkhvh zdyhohqjwkv/ dqg wr d ohvvhu ghjuhh lq edqg F/ dv zhoo1 Txdolw| �djv ri 4 whqg wr vkrz
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xs iru euljkwhu vrxufhv/ dqg/ dv lqglfdwhg deryh/ duh olnho| d uhvxow ri d vrxufh ghwhfwlrq fruuxswhg e| edg
sl{hov1 Lq dq| fdvh/ wkh uhsruwhg srvlwlrqv dqg �x{ ghqvlwlhv ri vrxufhv iru zklfk Ud>"5 A 3 duh olnho| wr kdyh
odujhu xqfhuwdlqwlhv wkdq wkrvh txrwhg lq wkh fdwdorj1

Wkh Ud>VQU frpsrqhqw ri wkh uholdelolw| �dj fdq wdnh rq ydoxhv ri }hur/ wkuhh/ ru vl{1 Li wkh plqlpxp
VQU ghwhfwlrq lq edqg d lv juhdwhu wkdq 6/ Ud>VQU @ 31 Li wkh plqlpxp VQU ydoxh lv ohvv wkdq wkuhh/ exw
wkh pd{lpxp VQU lv juhdwhu wkdq wkuhh/ Ud>VQU @ 61 Li doo wkh VQU ydoxhv duh ohvv wkdq wkuhh/ Ud>VQU @ 91

D �@|@*L} #i|@�*t

Wkh fdwdorj �ohv duh lq DVFLL irupdw zlwk hqwulhv dv jlyhq lq Wdeoh 91 Wkh froxpqv duh vsdfh gholplwhg
+h{fhsw iru wkh yduldelolw|/ frqixvlrq/ dqg phdvxuhphqw uholdelolw| �djv/ zklfk duh hdfk jlyhq dv d eorfn,/
dqg zhuh zulwwhq rxw xvlqj wkh iroorzlqj IRUWUDQ irupdw vwdwhphqw=

5335 irupdw+d56/4{/i<17/4{/i<17/5+4{/i714,/4{/i814/4{/l6/
) 9+4{/4sh4517/4{/l4/4{/3si814/4{/i914/4{/i914/4{/l6/4{/i814,/4{/9l4/4{/9l4/4{/9l4,

Wkh PV[ fdwdorj qdphv ri wkh vrxufhv kdyh ehhq gh�qhg dffruglqj wr LDX frqyhqwlrqv zlwk d xqltxh
lghqwlihu frpelqhg zlwk wkh srvlwlrq ri wkh vrxufh1 Lq wklv fdvh/ wkh PV[ SVF y413 vrxufhv duh qdphg xvlqj
wkh frqyhqwlrq PV[8F JOOO1oooo	EE1eeee/ zkhuh PV[8F ghqrwhv wkdw wklv lv PV[ gdwd uxq xvlqj Yhuvlrq
813 ri wkh FRQYHUW vriwzduh/ dqg JOOO1oooo	EE1eeee jlyhv wkh Jdodfwlf frruglqdwhv ri wkh vrxufh1

Iru hdvh ri kdqgolqj/ wkh fdwdorj lv eurnhq lqwr vl{ �ohv1 Wkh fryhudjh ri wkh vxe0fdwdorjv lv olvwhg lq wkh
_Orfdwlrq% froxpq ri Wdeoh :1

Wdeoh 9= Irupdw ri PV[ Srlqw Vrxufh Fdwdorj �ohv

Froxpq Irupdw Ilhog Xqlwv

4 d56 Qdph
58 i<17 Uljkw Dvfhqvlrq M5333 ghflpdo ghjuhhv
68 i<17 Ghfolqdwlrq M5333 ghflpdo ghjuhhv
78 i714 lq0vfdq xqfhuwdlqw| +4�, dufvhfrqgv
83 i714 furvv0vfdq xqfhuwdlqw| +4�, dufvhfrqgv
88 i814 vfdq dqjoh ghjuhhv H ri Q
94 l6 wrwdo qxpehu ri vljkwlqjv
98 h4517 Edqg E4 �x{ ghqvlw| M|
:; l4 Edqg E4 �x{ txdolw| �dj
;3 i814 Edqg E4 �x{ xqfhuwdlqw| +4�, (
;9 i914 orzhvw VQU ydoxh/ Edqg E4 ghwhfwlrqv
<6 i914 kljkhvw VQU ydoxh/ Edqg E4 ghwhfwlrqv
433 l6 qxpehu ri Edqg E4 ghwhfwlrqv
437 i814 yduldwlrq ri Edqg E4 phdvxuhphqwv
443 h4517 Edqg E5 �x{ ghqvlw| M|
456 l4 Edqg E5 �x{ txdolw| �dj
458 i814 Edqg E5 �x{ xqfhuwdlqw| +4�, (
464 i914 orzhvw VQU ydoxh/ Edqg E5 ghwhfwlrqv
46; i914 kljkhvw VQU ydoxh/ Edqg E5 ghwhfwlrqv
478 l6 qxpehu ri Edqg E5 ghwhfwlrqv
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Wdeoh 9= +frqwlqxhg,

Froxpq Irupdw Ilhog Xqlwv

47< i814 yduldwlrq ri Edqg E5 phdvxuhphqwv
488 h4517 Edqg D �x{ ghqvlw| M|
49; l4 Edqg D �x{ txdolw| �dj
4:3 i814 Edqg D �x{ xqfhuwdlqw| +4�, (
4:9 i914 orzhvw VQU ydoxh/ Edqg D ghwhfwlrqv
4;6 i914 kljkhvw VQU ydoxh/ Edqg D ghwhfwlrqv
4<3 l6 qxpehu ri Edqg D ghwhfwlrqv
4<7 i814 yduldwlrq ri Edqg D phdvxuhphqwv
533 h4517 Edqg F �x{ ghqvlw| M|
546 l4 Edqg F �x{ txdolw| �dj
548 i814 Edqg F �x{ xqfhuwdlqw| +4�, (
554 i914 orzhvw VQU ydoxh/ Edqg F ghwhfwlrqv
55; i914 kljkhvw VQU ydoxh/ Edqg F ghwhfwlrqv
568 l6 qxpehu ri Edqg F ghwhfwlrqv
56< i814 yduldwlrq ri Edqg F phdvxuhphqwv
578 h4517 Edqg G �x{ ghqvlw| M|
58; l4 Edqg G �x{ txdolw| �dj
593 i814 Edqg G �x{ xqfhuwdlqw| +4�, (
599 i914 orzhvw VQU ydoxh/ Edqg G ghwhfwlrqv
5:6 i914 kljkhvw VQU ydoxh/ Edqg G ghwhfwlrqv
5;3 l6 qxpehu ri Edqg G ghwhfwlrqv
5;7 i814 yduldwlrq ri Edqg G phdvxuhphqwv
5<3 h4517 Edqg H �x{ ghqvlw| M|
636 l4 Edqg H �x{ txdolw| �dj
638 i814 Edqg H �x{ xqfhuwdlqw| +4�, (
644 i914 orzhvw VQU ydoxh/ Edqg H ghwhfwlrqv
64; i914 kljkhvw VQU ydoxh/ Edqg H ghwhfwlrqv
658 l6 qxpehu ri Edqg H ghwhfwlrqv
65< i814 yduldwlrq ri Edqg H phdvxuhphqwv
668 l4 Edqg E4 yduldelolw| �dj
669 l4 Edqg E5 yduldelolw| �dj
66: l4 Edqg D yduldelolw| �dj
66; l4 Edqg F yduldelolw| �dj
66< l4 Edqg G yduldelolw| �dj
673 l4 Edqg H yduldelolw| �dj
675 l4 Edqg E4 frqixvlrq �dj
676 l4 Edqg E5 frqixvlrq �dj
677 l4 Edqg D frqixvlrq �dj
678 l4 Edqg F frqixvlrq �dj
679 l4 Edqg G frqixvlrq �dj
67: l4 Edqg H frqixvlrq �dj
67< l4 Edqg E4 phdvxuhphqw uholdelolw| �dj

5<



Wdeoh 9= +frqwlqxhg,

Froxpq Irupdw Ilhog Xqlwv

683 l4 Edqg E5 phdvxuhphqw uholdelolw| �dj
684 l4 Edqg D phdvxuhphqw uholdelolw| �dj
685 l4 Edqg F phdvxuhphqw uholdelolw| �dj
686 l4 Edqg G phdvxuhphqw uholdelolw| �dj
687 l4 Edqg H phdvxuhphqw uholdelolw| �dj

D�� 5L�hUi 5|@|�t|�Ut

Yhuvlrq 413 frqwdlqv d wrwdo ri 65</645 vrxufhv lq wkh frpelqhg fdwdorj1 Ri wkhvh/ 656/385 duh lqfoxghg lq
wkh Jdodfwlf sodqh vxuyh| +o|lqj zlwklq mem ? 9�,/ dqg 9/593 duh lq wkh duhdv plvvhg e| LUDV dw odwlwxghv
kljkhu wkdq mem @ 9�1 Jlyhq wkh fkdudfwhulvwlf vhqvlwlylwlhv ri wkh VSLULW LLL lqiuduhg duud|v/ prvw +�;3(,
ri wkh vrxufhv zhuh rqo| ghwhfwhg lq edqg D1 Wkh euhdngrzq ri vrxufhv zlwk qrq0olplw ghwhfwlrqv +Td � 5,
lq hdfk edqg lv jlyhq lq Wdeoh :1

Orfdwlrq E4 E5 D F G H

LUDV Jdsv
5� ? e � 9�

3=8� ? e � 5�

�3=8� ? e � 3=8�

�5� ? e � �3=8�

�9� ? e � �5�

97
746
89<
938
6:<
873

<9
798
837
:64
:44
8:8

94<9
96479
96;39
85945
94988
:45:<

683
846<
:755
43564
;458
8995

684
8444
:93:
43;86
;4<4
8889

47<
63;3
7596
9<9<
7:67
6934

Wdeoh := Vrxufh frxqw qxpehuv e| edqg dqg orfdwlrq1

D�2 6*@} 5|@|�t|�Ut

81514 Iox{ txdolw|

Iru jhqhudo sxusrvh xvh/ wkh �dj zklfk vkrxog eh xvhg wr ghflgh wkh wuxvwzruwklqhvv ri d txrwhg �x{ ghqvlw|
lv wkh �x{ txdolw| �dj/ Td1 Lq Vhfwlrq 9 zh vkdoo xvh wklv �dj wr dlg lq wkh dqdo|vlv ri wkh fdwdorj vrxufhv1
Wdeoh ; ghwdlov wkh qxpehu ri vrxufhv lq hdfk txdolw| fdwhjru| iru hdfk VSLULW LLL udglrphwulf edqg1 Wkh
vwdwlvwlfv duh dovr eurnhq grzq e| vxe0fdwdorj orfdwlrq1 Wr eh lqfoxghg lq wkh fdwdorj/ wkhuh pxvw eh dw ohdvw
rqh edqg iru zklfk Td � 51

81515 Yduldelolw|

D yduldelolw| �dj ri Yd @ 4/ ghqrwhv wkdw wkh yduldwlrq ri wkh phdvxuhphqwv ryhu wkh PV[ VSLULW LLL plvvlrq
lv juhdwhu wkdq 6�d1 Wdeoh < olvwv wkh qxpehu ri vrxufhv lq hdfk edqg/ dv d ixqfwlrq ri orfdwlrq/ zklfk vkrzhg
yduldelolw| ryhu wkh plvvlrq olihwlph zklfk lv qrw olnho| wr eh gxh wr vwdwlvwlfdo huuru lq wkh phdvxuhphqwv1
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81516 Frqixvlrq

Wdeoh 43 uhsruwv wkh qxpehu ri frqixvhg vrxufhv +dovr uhsruwhg e| edqg, lq ydulrxv sduwv ri wkh fdwdorj1
H{dplqlqj wkhvh qxpehuv iru wkh ghqvlw| ri frqixvhg vrxufhv +qxpehu shu vtxduh ghjuhh,/ zh �qg wkh
h{shfwhg uhvxow wkdw frqixvlrq lv dq lqfuhdvlqj sureohp wrzdug wkh jdodfwlf htxdwru1 Wkh orzhvw frqixvlrq
ghqvlw| lv dzd| iurp wkh sodqh/ lq wkh LUDV jdsv1

81517 Phdvxuhphqw Uholdelolw|

Wdeoh 44 olvwv wkh phdvxuhphqw uholdelolw| �dj vwdwlvwlfv iru wkh hqwluh PV[ SVF y413/ iru hdfk VSLULW LLL
edqg1 Lq wklv fdvh/ d ydoxh ri Ud @ < phdqv wkdw wkh vrxufh zdv qrw ghwhfwhg lq edqg d1 Prvw ri wkh ghwhfwhg
vrxufhv lq hdfk edqg idoo lq wkh Ud @ 3 fdwhjru|/ zklfk phdqv wkdw wkh| �w wkh srlqw vrxufh ixqfwlrq zhoo
dqg doo phdvxuhphqwv zhuh ri dghtxdwh vljqdo0wr0qrlvh1
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E4 E5 D F G H

T @ 3

LUDV Jdsv
5� ? e � 9�

3=8� ? e � 5�

�3=8� ? e � 3=8�

�5� ? e � �3=8�

�9� ? e � �5�

8957
94967
94:37
84643
93676
9<367

8<5:
965<5
97443
866:3
9475:
:46::

69
486;
4:76
58<;
4:96
4::;

87;6
89<46
87<<8
74494
849:9
977<9

88:6
8:856
883<;
74773
85766
985:3

8848
8;784
8::34
77698
87<6:
9895<

T @ 4

LUDV Jdsv
5� ? e � 9�

3=8� ? e � 5�

�3=8� ? e � 3=8�

�5� ? e � �3=8�

�9� ? e � �5�

8:5
5;85
67<9
67:3
5<34
6;35

56:
4475
4488
45;7
47;8
4757

5;
548
553
4:8
538
64<

75:
5;7:
66<5
6<<6
6;55
654;

669
5598
6397
63<5
5<<<
587:

8<9
669;
6;38
7384
6<85
7479

T @ 5

LUDV Jdsv
5� ? e � 9�

3=8� ? e � 5�

�3=8� ? e � 3=8�

�5� ? e � �3=8�

�9� ? e � �5�

4:
4:3
464
44<
438
<;

6<
589
47;
584
4;9
56:

456
4685
<;6
;4<
4345
4839

67
4;;
4;4
5;;
566
498

94
4;;
4<3
5:5
547
4:4

58
7<6
788
85;
7;6
887

T @ 6

LUDV Jdsv
5� ? e � 9�

3=8� ? e � 5�

�3=8� ? e � 3=8�

�5� ? e � �3=8�

�9� ? e � �5�

66
573
747
736
5:4
766

66
536
676
739
736
644

644;
63<93
55<45
4:36;
55;68
6544<

;:
5365
53::
5:5;
5766
4;63

:4
4<7:
4;:;
56;:
5434
49:9

9:
4869
4;;<
5:75
5435
4;65

T @ 7

LUDV Jdsv
5� ? e � 9�

3=8� ? e � 5�

�3=8� ? e � 3=8�

�5� ? e � �3=8�

�9� ? e � �5�

47
6
57
;6
6
<

57
9
46
:7
455
5:

5<88
63;67
6<<44
67:88
6:;3;
6:987

55<
5<4<
8497
:548
878<
699:

54<
5<:9
886<
;4<7
8;:9
6:45

8:
4384
4<4<
69<<
547<
4548

Wdeoh ;= Vwdwlvwlfv ri Iox{ Txdolw| Iodjv1

E4 E5 D F G H

Y @ 4

LUDV Jdsv
5� ? e � 9�

3=8� ? e � 5�

�3=8� ? e � 3=8�

�5� ? e � �3=8�

�9� ? e � �5�

3
3
3
3
3
3

8
45
<
54
57
48

;68
8::6
9577
;<<9
;;96
9758

;8
;98
46;8
5899
4<95
<<8

77
85;
;:3
4<5;
4779
97;

5:
563
5;7
995
745
597

Wdeoh <= Vwdwlvwlfv ri Yduldelolw| Iodjv1
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E4 E5 D F G H

F @ 4

LUDV Jdsv
5� ? e � 9�

3=8� ? e � 5�

�3=8� ? e � 3=8�

�5� ? e � �3=8�

�9� ? e � �5�

43
63
87
85
89
73

8
4:
45
4;
48
45

565
4;<;
496<
5374
4:33
46<<

47
48;
4:6
6<7
59<
<6

44
483
477
68;
548
;7

49
438
469
649
4;<
8;

Wdeoh 43= Vwdwlvwlfv ri Frqixvlrq Iodjv1

E4 E5 D F G H

U @ 3 45:;9 <46< 5;7947 7<:36 83439 6:;34
U @ 4 44 : 7<:8 ::: 679 :7;
U @ 5 59 57 5:<5 764 836 ;:7
U @ 6 9:4 97 596<; 433: 988 446:
U @ 7 ; 4 <4 : 4: 53
U @ 8 3 3 7 3 5 3
U @ 9 9457 8:6 <;5 59<8 674 5465
U @ : 4 3 3 3 4 4
U @ ; 69 4 3 ; 7 4
U @ < 63<97< 64<836 <789 5:79;7 5::66: 5;98<;

Wdeoh 44= Vwdwlvwlfv ri Phdvxuhphqw Uholdelolw| Iodjv1
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Lq wklv vhfwlrq zh h{dplqh wkh dffxudf| dqg suhflvlrq ri wkh phdvxuhphqwv lq wkh fdwdorj/ frpsdulqj wkh
irupdo/ txrwhg huuruv wr dfwxdo huuruv ghwhuplqhg e| frpsdulqj _wuxwk% gdwd wr wkh phdvxuhphqwv1 Wklv
dqdo|vlv kdv ehhq shuiruphg iru wkh skrwrphwulf uhvxowv iru wkh Jdodfwlf sodqh vfdqv vlqfh wkh odujh qxpehu
ri vrxufhv jlyhv xv d jrrg vwdwlvwlfdo edvh1 Zh kdyh qrw surylghg dqdo|vlv iru wkh LUDV Jds vrxufhv1 Lq sduw/
wklv lv ehfdxvh wkhuh lv olwwoh _wuxwk% gdwd dydlodeoh iru vrxufhv lq wkh LUDV Jds uhjlrqv1 Krzhyhu/ zh kdyh
qr uhdvrq wr h{shfw wkh skrwrphwulf dffxudf| wr eh gl�huhqw wkdq wkrvh vrxufhv lq wkh Jdodfwlf sodqh vfdqv1
Zh dovr h{dplqhg wkh dvwurphwulf dffxudf| ri wkh fdwdorj1 Lq wklv fdvh/ ehfdxvh wkh vfdq sdwwhuqv duh txlwh
gl�huhqw/ wkh Jdodfwlf Sodqh vxuyh| dqg wkh LUDV Jds vxuyh| duh wuhdwhg lqghshqghqwo|1

S�� ��L|L4i|h�U �UU�h@U)

91414 Fdoleudwlrq Vwduv

Dv glvfxvvhg lq vhfwlrq 71615/ wkh rq0ruelw fdoleudwlrq ri wkh VSLULW LLL vhqvru dqg FRQYHUW surfhvv
zdv phdvxuhg djdlqvw wuxwk ydoxhv surylghg e| wkh Frkhq0Zdonhu0Zlwwheruq +FZZ, vshfwudo whpsodwhv iru
fhuwdlq vwduv1 Wkh frpsohwh FZZ gdwdedvh fxuuhqwo| frqvlvwv ri 755 whpsodwhv/ 6 frpsrvlwh vshfwud/ dqg
45 prgho vshfwud +Frkhq hw do1 4<<<,1 Wr hvwdeolvk wkh dffxudf| ri wkh luudgldqfh h{wudfwhg e| wkh Fhohvwldo
Dxwrpdwhg Surfhvvlqj zh kdyh lghqwl�hg 45 FZZ whpsodwh vwduv lq wkh Jdodfwlf sodqh vxuyh| gdwd1 Iljxuhv
8043 sorw wkh phdvxuhg lq0edqg luudgldqfh yhuvxv wkh lq0edqg luudgldqfh ydoxh suhglfwhg e| frqyroylqj wkh
FZZ vshfwuxp ryhu wkh Uhodwlyh0Vshfwudo0Uhvsrqvh +UVU, iru hdfk VSLULW LLL edqg1 Wkh huuru eduv duh
	4� �x{ xqfhuwdlqwlhv iru wkh phdvxuhg luudgldqfhv/ dqg wkh fdofxodwhg prgho xqfhuwdlqwlhv iru wkh FZZ
whpsodwh lq0edqg luudgldqfh fdofxodwlrqv1 Iox{ ghqvlw| xqlwv +M|, duh vkrzq rq wkh wrs dqg uljkw0kdqg d{hv1

Wkh eodfn v|perov uhsuhvhqw wkrvh vwduv irxqg lq txdgudqwv L dqg LY ri wkh Plon| Zd|/ zkloh vwduv
orfdwhg lq wkh dqwl0fhqwhu gluhfwlrq +txdgudqwv LL dqg LLL, duh vkrzq lq eoxh1 Wklv euhdngrzq dovr vkrzv wkh
ehkdylru ri wkh fdoleudwlrq ryhu wlph +dqg khqfh irfdo sodqh whpshudwxuh, vlqfh wkh dqwl0fhqwhu zdv vxuyh|hg
diwhu wkh fhqwhu uhjlrq/ jhqhudoo| dw kljkhu irfdo sodqh whpshudwxuhv1

Ehfdxvh wkh| pxvw eh zhoo vwxglhg/ skrwrphwulfdoo| dqg vshfwurvfrslfdoo|/ fdoleudwlrq vwdu whqg wr eh
euljkw1 Wklv lv hvshfldoo| wuxh lq kljk ghqvlw| uhjlrqv/ dqg zh vhh wkdw wkh vwduv iurp txdgudqwv L dqg LY
duh euljkwhu wkdq wkrvh iurp txdgudqwv LL dqg LLL1 Lq edqg D +dqg wr d ohvvhu h{whqw G, wkh| duh euljkw
hqrxjk wkdw wklv vhw ri vwduv grhv qrw ixoo| sureh wkh fdoleudwlrq ryhu wkh ixoo g|qdplf udqjh ri wkh VSLULW
LLL lqvwuxphqw1 Wklv lv prvw vhyhuh lq edqg D/ zkhuh zh kdyh wzr ghfdghv ri luudgldqfh +wr 43�4; Z fp�5,
xqsurehg1 Wr whvw wkh orzhu ghfdghv ri �x{ fdoleudwlrq lq edqg D/ dqg wr lpsuryh wkh vwdwlvwlfv iru doo
edqgv/ Frkhq ) Kdpphuvoh| +4<<<, kdyh h{whqghg wkh deryh uhvxowv wr 49 Frkhq hw do1 +4<<;, whpsodwh
vwduv/ soxv 436 Klssdufrv vwduv uhsuhvhqwhg e| Nxuxf} +4<<4, prghov1 Wkh Klssdufrv vwduv zhuh xvhg dv
sduw ri wkh fdoleudwlrq ri wkh Lqiuduhg Vsdfh Revhuydwru| +LVR,1 Wkhlu uhvxowv duh olvwhg lq Wdeoh 451 Qrwh
wkdw/ dowkrxjk d yhu| zlgh ydulhw| ri vshfwudo w|shv zdv xvhg wr vxssruw LVR*v uhtxluhphqwv/ zh gr qrw
eholhyh wkdw dq| vxshujldqwv vkrxog eh xwlol}hg iru udglrphwulf fkhfnv ehfdxvh ri wkh srvvlelolw| wkdw wkhvh
zloo kdyh vwhoodu zlqgv zlwk iuhh0iuhh hplvvlrq ryhu dqg deryh wkhlu skrwrvskhulf udgldwlrq +li ri w|shv E/ D/
I/ ru J,/ dqg2ru hplvvlrq e| zdup flufxpvwhoodu gxvw +li ri w|shv N ru P,1 Erwk wkhvh surfhvvhv fdq �oo lq
skrwrvskhulf devruswlrq ihdwxuhv/ vxfk dv wkh FR ixqgdphqwdo wkdw lv vdpsohg e| Edqgv E4 dqg E5/ dqg
vxfk vwduv zhuh h{solflwo| h{foxghg iurp wkhvh udglrphwulf fkhfnv1
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Iljxuh 8= Edqg E4 fdoleudwlrq vwduv1

Edqg Qvwduv Oplq +Z fp�5, Opd{ +Z fp�5,

Phdvxuhg Luudgldqfh

Suhglfwhg Luudgldqfh

�
Wrwdo Huuru

E4 73 4=93� 43�4: 4=8� 43�48 3=<5 	3=35
E5 78 4=9:� 43�4: 5=5� 43�48 3=<8 	3=35
D 43: 5=3� 43�4; 7=4� 43�48 4=33 	3=34
F 88 5=;� 43�4; 7=;� 43�49 3=<< 	3=34
G 89 4=:� 43�4; 5=<� 43�49 3=<< 	3=34
H 48 4=6� 43�4: 4=;� 43�49 4=3: 	3=358

Wdeoh 45= PV[ SVF fdoleudwlrq uhvxowv1
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Iljxuh 9= Edqg E5 fdoleudwlrq vwduv1
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Iljxuh := Edqg D fdoleudwlrq vwduv1
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Iljxuh ;= Edqg F fdoleudwlrq vwduv1
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Iljxuh <= Edqg G fdoleudwlrq vwduv1
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Iljxuh 43= Edqg H fdoleudwlrq vwduv1
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91415 Jdodfwlf Sodqh Vxuyh|

Txrwhg Xqfhuwdlqwlhv 0 Wkh txrwhg huuruv iru wkh �x{ ghqvlwlhv lq wkh PV[ vxuyh| duh wkh UVV ri wkh
irupdo h{wudfwlrq huuru dqg wkh luudgldqfh xqfhuwdlqwlhv dv ghwhuplqhg e| wkh GFDWW1 Wkh GFDWW huuru
lv �{hg iru hdfk edqg/ zkloh wkh irupdo h{wudfwlrq huuru lv hvvhqwldoo| d ixqfwlrq ri wkh VQU ri wkh vrxufh
zhljkwhg e| wkh qxpehu ri wlphv lw zdv revhuyhg1 Iru hdfk edqg zh kdyh vkrzq +Iljxuhv 44 0 49, wkh
glvwulexwlrq ri wkh txrwhg xqfhuwdlqwlhv/ dv zhoo dv wkh glvwulexwlrq ri xqfhuwdlqw| eurnhq grzq e| �x{
txdolw| �dj1

Galactic Plane

0 5 10 15 20 25 30
Band B1 Flux Uncertainty (1σ, %)

1

10

100

1000

lo
g 

N

Iljxuh 44= Txrwhg 4� xqfhuwdlqwlhv lq edqg E4 �x{ ghqvlw|1

Djdlq/ wrwdov duh vkrzq lq eodfn/ zkloh wkh froruhg olqhv uhsuhvhqw phdvxuhphqwv zlwk gl�huhqw �x{ txdolw|
�djv1 Phdvxuhphqwv ri wkh kljkhvw txdolw|/ Td @ 7/ duh vkrzq lq juhhq/ prghudwh txdolw| Td @ 6/ duh lq
uhg/ dqg wkh eoxh olqh vkrzv phdvxuhphqwv ri orz txdolw|/ Td @ 51 Lq doo edqgv/ wkh Td @ 7 vrxufhv kdyh wkh
orzhvw xqfhuwdlqwlhv/ dv wkh| vkrxog vlqfh wkh| duh kljk VQU dqg kdyh wkh pd{lpxp qxpehu ri vljkwlqjv1
Wkxv/ wkh xqfhuwdlqwlhv duh dovr uhgxfhg e| wkh vwdwlvwlfv ri zhljkwhg dyhudjlqj1 Wkh prghudwh txdolw| �x{hv
jhqhudoo| vkrz d el0prgdo glvwulexwlrq zlwk shdnv dw wkh GFDWW xqfhuwdlqw| �rru/ dqg dqrwkhu mxvw eh|rqg
wkh olplwlqj xqfhuwdlqw| ri wkh Td @ 7 vrxufhv1 Wkh �uvw shdn lv frpsrvhg ri kljk VQU vrxufhv zklfk zhuh
qrw vljkwhg lq irxu vfdqv1 Wkh vhfrqg shdn lv sulpdulo| frpsrvhg ri orzhu VQU vrxufhv1 Wkh srru txdolw|
vrxufhv +T

d
@ 5/ lq eoxh, dovr vkrz wklv w|sh ri ehkdylru/ dowkrxjk lq vrph fdvhv +edqgv F/ G/ dqg H, wkh orz

xqfhuwdlqw| shdn lv vlpso| dq h{whqghg wdlo rq wkh kljk xqfhuwdlqw| glvwulexwlrq1 Vlqfh wkh phdvxuhphqwv
lq wklv fdwhjru| uhsuhvhqw wkh orzhvw VQU vrxufhv dqg wkrvh ri kljk VQU exw rqo| d vlqjoh vljkwlqj/ wkh idfw
wkdw wkh kljk xqfhuwdlqw| shdn frqwdlqv wkh pdmrulw| ri wkh vrxufhv lv dq h{shfwhg uhvxow1

LUDV edvhg �x{ frpsdulvrqv= Wkh frpelqdwlrq ri FZZ fdoleudwlrq vwduv dqg whpsodwhv gr dq
h{fhoohqw mre ri hvwdeolvklqj wkh fdoleudwlrq ri wkh euljkwhu vrxufhv +wr VQUv ri derxw :3 lq edqg D,1 Lq rughu
wr whvw wkh skrwrphwulf dffxudf| ri wkh hqwluh udqjh ri �x{hv lq wkh fdwdorj/ zh duh irufhg wr wdnh d ohvv
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Iljxuh 45= Txrwhg 4� xqfhuwdlqwlhv lq edqg E5 �x{ ghqvlw|1

suhflvh dqg pruh vwdwlvwlfdo dssurdfk1 Wr wklv hqg/ zh vkdoo xvh dv wuxwk gdwd wkh suhglfwhg PV[ lq0edqg
luudgldqfhv fdofxodwhg iru wkh PV[ Lqiuduhg Dvwurphwulf Fdwdorj +Hjdq ) Sulfh 4<<9,1

Iru wklv frpsdulvrq/ zh sxw d suhplxp rq wkh frq�ghqfh lq rxu suhglfwhg �x{hv1 Wr hqvxuh wkdw zh duh
xvlqj wkh prvw dffxudwh �x{ suhglfwlrqv/ zh uhtxluh wkh vrxufhv lq wklv frpsdulvrq wr vdwlvi| wkhvh fulwhuld=
4, wkh phdvxuhg vrxufh srvlwlrq pxvw eh zlwklq 6 dufvhf ri wkh dvwurphwulf srvlwlrq> 5, wkh dvwurphwulf vwdu
pxvw kdyh dq LUDV SVF ru IVF phdvxuhphqw> 6, eh dq P0w|sh vwdu1 Wkh odvw fulwhulrq lv lqfoxghg ehfdxvh
wkh suhglfwlrq phwkrg ri Hjdq ) Sulfh dvvxphv d Sodqfnldq vrxufh ixqfwlrq1 Zh �qg wkdw P0w|sh vwduv
+zlwk olwwoh ru qr flufxpvwhoodu gxvw, ehvw frqirup wr wklv prgho/ dqg wkhuhiruh zloo kdyh wkh prvw dffxudwh
suhglfwhg �x{hv1

Iljxuhv 4: wkurxjk 55 vkrz wkh phdvxuhg yv1 suhglfwhg luudgldqfhv iru hdfk PV[ edqg iru wkh Jdodfwlf
sodqh vfdqv1 Wkh huuru eduv duh wkh 4� txrwhg huuruv iru wkh phdvxuhg luudgldqfhv/ dqg dq huuru edu ri 47(
iru wkh suhglfwhg ydoxh1 Wkh 47( ydoxh uhsuhvhqwv wkh UVV ydoxh ri wkh 4� huuruv ri wkh LUDV phdvxuhphqwv
+�43( lq wkh 45�p edqg dffruglqj wr wkh LUDV H{sodqdwru| Vxssohphqw, dqg dq hvwlpdwh ri wkh huuru
lqkhuhqw lq hvwlpdwlqj wkh vshfwudo vkdsh iurp wkh vshfwudo w|sh lqirupdwlrq +dvvxphg wr eh 43(,1 Wkh
v|perov duh froru frghg dffruglqj wr wkh ydoxh ri wkh �x{ txdolw| �dj1 Wkh froru frghv duh olvwhg lq Wdeoh
461

73



Galactic Plane

0 5 10 15 20 25 30
Band A Flux Uncertainty (1σ, %)

100

101

102

103

104

105

lo
g 

N

Iljxuh 46= Txrwhg 4� xqfhuwdlqwlhv lq edqg D �x{ ghqvlw|1

Iox{ Txdolw| Iodj/ Td V|pero ru Olqh Froru

7 Juhhq
6 Uhg
5 Eoxh
4 F|dq

Wdeoh 46= Froru frgh ri Iox{ Txdolw| �dj1
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Iljxuh 47= Txrwhg 4� xqfhuwdlqwlhv lq edqg F �x{ ghqvlw|1
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Iljxuh 48= Txrwhg 4� xqfhuwdlqwlhv lq edqg G �x{ ghqvlw|1
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Iljxuh 49= Txrwhg 4� xqfhuwdlqwlhv lq edqg H �x{ ghqvlw|1

10-18 10-17 10-16 10-15 10-14

Predicted Irradiance (W cm-2)

10-18

10-17

10-16

10-15

10-14

M
ea

su
re

d
 Ir

ra
d

ia
nc

e 
(W

 c
m

-2
)

1

10

100

1000

Fl
ux

 D
en

si
ty

 (J
y)

1 10 100 1000
Band B1 Flux Density (Jy)

Iljxuh 4:= Edqg E4 phdvxuhphqwv yhuvxv LUDV edvhg suhglfwhg �x{hv1
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Iljxuh 4;= Edqg E5 phdvxuhphqwv yhuvxv LUDV edvhg suhglfwhg �x{hv1
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Iljxuh 53= Edqg F phdvxuhphqwv yhuvxv LUDV edvhg suhglfwhg �x{hv1
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Iljxuh 54= Edqg G phdvxuhphqwv yhuvxv LUDV edvhg suhglfwhg �x{hv1
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Iljxuh 55= Edqg H phdvxuhphqwv yhuvxv LUDV edvhg suhglfwhg �x{hv1
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S�2 �Lt�|�L?@* �UU�h@U)

Wkh srvlwlrqdo xqfhuwdlqwlhv +lq0vfdq dqg furvv0vfdq, txrwhg lq wkh fdwdorj duh wkh UVV ri wkh xqfhuwdlqwlhv
lqkhuhqw lq wkh srlqw vrxufh h{wudfwlrq surfhgxuh dqg wkh xqfhuwdlqw| lq wkh vsdfhfudiw dwwlwxgh ghwhuplqdwlrq
uhpdlqlqj diwhu wkh eruhvljkw uh�qhphqw surfhgxuh kdv ehhq dssolhg1 H{suhvvhg pdwkhpdwlfdoo|/ wklv lv

� @
t
�5srv . �5ESU= +68,

Iru d jlyhq vfdq/ wkh xqfhuwdlqw| lq wkh ESU uhvxowv duh jhqhudoo| � 6331 Wkh vrxufh h{wudfwlrq surfhgxuh lv
deoh wr �{ wkh srvlwlrq ri wkh shdn ri wkh SVI lq irfdo sodqh frruglqdwhv zlwklq derxw 314 sl{ho/ ru � 4=;33

iru erwk lq0vfdq dqg furvv0vfdq1 Wkhuhiruh wkh srvlwlrqdo dffxudf| ri wkh fdwdorj lv gulyhq e| wkh xqfhuwdlqw|
lq joredo vsdfhfudiw dwwlwxgh1 Iru wkrvh duhdv ri wkh vn| iru zklfk zh kdyh txdguxso| uhgxqgdqw vfdqv/ zh
h{shfw wr jdlq d idfwru ri wzr lpsuryhphqw lq wkh srvlwlrqdo xqfhuwdlqw|1 Jlyhq wkdw lq0vfdq dqg furvv0
vfdq xqfhuwdlqwlhv iru d vlqjoh vfdq duh w|slfdoo| � 733/ wklv wudqvodwhv wr dq h{shfwhg �qdo xqfhuwdlqw| lq wkh
fdwdorj ri � 533 lq hdfk gluhfwlrq1 Ehorz zh vkdoo h{dplqh wkh vwdwlvwlfv ri wkh txrwhg srvlwlrqdo xqfhuwdlqwlhv
iru wkh Jdodfwlf sodqh dqg wkh LUDV jds fdwdorjv/ dqg sureh wkh wuxh srvlwlrqdo dffxudf| ri wkh fdwdorj e|
frpsdulqj wkh fdwdorj vwduv wr srvlwlrqv ri vrph ri wkh vwduv wr wkhlu srvlwlrqv iurp dvwurphwulf fdwdorjv1

91514 Wkh Jdodfwlf sodqh

Txrwhg Xqfhuwdlqwlhv 0 Wkh txrwhg 4� xqfhuwdlqw| lq lq0vfdq dqg furvv0vfdq srvlwlrq lv vkrzq lq Iljxuhv
56 dqg 57 uhvshfwlyho|1 Wkh eodfn olqh vkrzv wkh glvwulexwlrq ri xqfhuwdlqwlhv iru wkh 645/7<; vrxufhv zlwk
edqg D �x{ txdolwlhv ri TD A 51 Wkhvh kdyh ehhq ixuwkhu eurnhq grzq e| TD1 Dv deryh juhhq ghqrwhv
TD @ 7/ uhg ghqrwhv TD @ 6/ dqg eoxh ghqrwhv TD @ 51 Ehfdxvh wkh �x{ txdolw| �dj lv lq odujh sduw edvhg
rq wkh qxpehu ri vfdqv lq zklfk wkh vrxufh zdv ghwhfwhg/ wkh kljkhu txdolw| �x{ phdvxuhphqwv dovr kdyh
ohvv xqfhuwdlqw| lq wkhlu srvlwlrq ghwhuplqdwlrq1 Wkh phdq ydoxhv ri hdfk ri wkhvh glvwulexwlrqv fdq eh irxqg
lq Wdeoh 471

Phdvxuhg Srvlwlrq Dffxudf| 0 Wkh txrwhg srvlwlrq xqfhuwdlqwlhv duh ghulyhg iurp vwdwlvwlfdo huuruv
dvvrfldwhg zlwk wkh srlqw vrxufh h{wudfwlrq surfhvv dqg wkh eruhvljkw srlqwlqj uh�qhphqw1 Grqh surshuo|/
wkhvh qxpehuv vkrxog dffxudwho| uh�hfw wkh wuxvwzruwklqhvv ri wkh txrwhg srvlwlrq1 Wr whvw rxu uhvxowv/ zh
kdyh furvv uhihuhqfhg wkh PV[ SVF wr wkh PV[ Lqiuduhg Dvwurphwulf Fdwdorj +Hjdq ) Sulfh 4<<9,/ xvlqj
d edqg D �x{ pdwfklqj fulwhuld wr frq�up srvlwlrqdo dvvrfldwlrqv1 Lq wkh Jdodfwlf sodqh zh kdyh lghqwl�hg
6/:73 PV[ SVF vwduv zklfk ihoo zlwklq d udglxv ri 63 dufvhfrqgv ri wkh dvwurphwulf vwdu srvlwlrq dqg kdg
3=;8 � Iphdvxuhg@Isuhglfwhg � 4=4;1 Wkh lq0vfdq dqg furvv0vfdq frpsrqhqw ri wkh srvlwlrq gl�huhqfhv zhuh
frpsxwhg1 Wkh uhvxowv duh vkrzq lq Iljxuh 58/ zkhuh wkh lq0vfdq glvwulexwlrq ri huuru +wuxwk srvlwlrq �
PV[ SVF srvlwlrq, lv vkrzq lq uhg/ dqg wkh furvv0vfdq glvwulexwlrq lv lq eoxh1 Zh �w d Jdxvvldq prgho
wr hdfk glvwulexwlrq1 Wkh sdudphwhuv ri hdfk duh olvwhg lq Wdeoh 471 Wkh � ydoxhv ri wkh prghov duh txlwh
vlplodu wr wkh phdq phdvxuhg xqfhuwdlqwlhv1 Dv zdv irxqg lq wkh phdvxuhg xqfhuwdlqwlhv/ wkh lq0vfdq huuru
lv odujhu wkdq wkh furvv0vfdq huuru1

91515 Wkh duhdv plvvhg e| LUDV

Zh h{dplqh wkh srvlwlrq dffxudflhv ri wkh LUDV jds vwduv lqghshqghqwo| iurp wkh Jdodfwlf sodqh vwduv
ehfdxvh ri wkh srvvlelolw| wkdw wkh gl�huhqfh lq vfdq sdwwhuq frxog kdyh lqwurgxfhg d gl�huhqw fkdudfwhu wr
wkh lq0vfdq dqg furvv0vfdq huuru ehkdylru1 Zh �qg wkdw wklv lv qrw wkh fdvh/ dqg wkdw wkh srvlwlrqdo huuruv
+erwk txrwhg xqfhuwdlqw| dqg dfwxdo huuru, ri wkh LUDV jds vrxufhv duh frqvlvwhqw zlwk wkh Jdodfwlf sodqh
gdwd1

7:



Galactic Plane

0 2 4 6 8 10
In-scan Quoted Position Error (arcsec)

100

101

102

103

104

105

lo
g 

N

Iljxuh 56= Txrwhg lq0vfdq srvlwlrq xqfhuwdlqwlhv +4�, ri wkh Jdodfwlf sodqh vrxufhv1
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Iljxuh 57= Txrwhg furvv0vfdq srvlwlrq xqfhuwdlqwlhv +4�, ri wkh Jdodfwlf sodqh vrxufhv1
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�ILW k�txrwhgl+TD � 5, k�txrwhgl +TD @ 7, k�txrwhgl +TD @ 6, k�txrwhgl +TD @ 5,

J1S1 lq0vfdq 5=5933 5=8:33 5=4833 6=4533 6=9;33

J1S1 furvv0vfdq 4=<633 5=3933 4=9933 5=8<33 6=4533

L1J1 lq0vfdq 5=4633 5=8:33 5=5933 5=;633 6=9533

L1J1 furvv0vfdq 4=;:33 4=:<33 4=7933 5=3:33 5=:633

Wdeoh 47= PV[ SVF srvlwlrqdo xqfhuwdlqwlhv1

Txrwhg Xqfhuwdlqwlhv 0 Wkh txrwhg 4� xqfhuwdlqw| lq lq0vfdq dqg furvv0vfdq srvlwlrq lv vkrzq lq
Iljxuhv 59 dqg 5: uhvshfwlyho|1 Wkh eodfn olqh vkrzv wkh glvwulexwlrq ri xqfhuwdlqwlhv iru wkh 9/4<9 vrxufhv
zlwk TD A 51 Dv iru wkh Jdodfwlf sodqh �jxuhv juhhq ghqrwhv TD @ 7/ uhg ghqrwhv TD @ 6/ dqg eoxh ghqrwhv
TD @ 51 Wkh phdq ydoxhv ri hdfk ri wkhvh glvwulexwlrqv duh olvwhg lq Wdeoh 471

Phdvxuhg Srvlwlrq Dffxudf| 0 Furvv uhihuhqflqj ri wkh PV[ SVF wr wkh PV[ Lqiuduhg Dvwurphwulf
Fdwdorj xvlqj wkh pdwfklqj dqg frq�updwlrq fulwhuld ghvfulehg deryh �qgv 4386 vwduv lq wkh LUDV jdsv1 Dv
iru wkh Jdodfwlf sodqh vwduv/ wkh lq0vfdq dqg furvv0vfdq frpsrqhqw ri wkh srvlwlrq gl�huhqfhv zhuh frpsxwhg1
Wkh uhvxowv duh vkrzq lq Iljxuh 5;/ zkhuh wkh lq0vfdq glvwulexwlrq ri huuru +wuxwk �phdvxuhg, lv vkrzq lq uhg/
dqg wkh furvv0vfdq glvwulexwlrq lv lq eoxh1 D Jdxvvldq prgho �wv hdfk glvwulexwlrq1 Wkh zlgwk sdudphwhu
ri hdfk prgho lv olvwhg lq Wdeoh 471 Wkh � ydoxhv ri wkh prghov duh txlwh vlplodu wr wkh phdq phdvxuhg
xqfhuwdlqwlhv lq lq0vfdq dqg furvv0vfdq1 Dv zdv irxqg lq wkh phdvxuhg xqfhuwdlqwlhv/ wkh lq0vfdq huuru lv
odujhu wkdq wkh furvv0vfdq huuru1 Frpsdulqj wkh uhsruwhg fdwdorj srvlwlrqv wr wkh dvwurphwulf srvlwlrqv iurp
wkh PV[ LU Dvwurphwulf Fdwdorj/ zh vhh wkdw erwk wkh lq0vfdq dqg furvv0vfdq huuru glvwulexwlrqv duh yhu|
forvh wr Jdxvvldq1

. +i*�@M�*�|) @?_ �L4T*i|i?itt

Iru yhuvlrq 413 ri wkh PV[ Srlqw Vrxufh Fdwdorj rxu glvfxvvlrq ri uholdelolw| dqg frpsohwhqhvv vkdoo fhqwhu
rq dq h{dplqdwlrq ri wkh gl�huhqwldo vrxufh frxqwv lq ydulrxv uhjlrqv ri wkh Jdodfwlf sodqh dqg lq hdfk ri wkh
LUDV jdsv1 Zh kdyh h{dplqhg d ihz vhohfwhg duhdv ri wkh sodqh lq d pruh uljrurxv pdqqhu xvlqj wkh ghhs
FE36 udvwhu vfdqv dqg e| grlqj vrph frpsdulvrqv wr LVRJDO �hogv1 Zh zloo xvh wkhvh uhvxowv lq vxssruw
ri wkh frqfoxvlrqv zh gudz rq wkh edvlv ri wkh gl�huhqwldo vrxufh frxqwv1 Krzhyhu/ d pruh frpsohwh dqdo|vlv
vkdoo qrw eh frpsohwhg xqwlo wkh surgxfwlrq ri Yhuvlrq 513 ri wkh fdwdorj1

Iljxuhv 5< 0 6; lq wklv vhfwlrq vkrz sorwv ri wkh gl�huhqwldo vrxufh frxqwv +g orjQ@gV, dv d ixqfwlrq ri
vrxufh vwuhqjwk +V @ Iox{ ghqvlw| lq M|, iru whq gl�huhqw duhdv1 Zh kdyh vhsdudwho| sorwwhg wkh vrxufh
frxqwv iru hdfk LUDV jds/ dqg hdfk rfwdqw ri wkh jdod{|1 Hdfk �jxuh frqwdlqv d vxesorw iru hdfk ri wkh vl{
PV[ skrwrphwulf edqgv1

Wkh frpsohwhqhvv ri wkh fdwdorj lv gulyhq e| wkh vhqvlwlylw| ri wkh ;16 �p edqg +D, vlqfh lw lv �43 wlphv
pruh vhqvlwlyh wkdq wkh rwkhu edqgv1 Wklv lv uh�hfwhg lq uhodwlyh qxpehuv ri vrxufhv zlwk vrxufh txdolw| �djv
@ 4 lq wkh ydulrxv edqgv1 Wkh fulwhuld iru nhhslqj d vrxufh lq wkh fdwdorj zhuh vxfk wkdw wkh vrxufhv zlwk
edqg D olplwv +TD @ 4, zhuh plqlpl}hg1 Vxfk vrxufhv duh xvxdoo| KLL uhjlrqv zklfk duh yhu| vwurqj dw orqj
zdyhohqjwkv/ exw dw wkh ghwhfwlrq olplwv lq edqg D1 Wkh pdmrulw| ri vrxufhv duh rqo| ghwhfwhg lq edqg D1 D
odujh qxpehu ri wkhp zhuh ghwhfwhg rqo| dw wkh orzhu olplw wkuhvkrog +dqg rqo| lq wkh prvw vhqvlwlyh vfdqv,
ri wkh rwkhu edqgv1 Krzhyhu/ wkh edqg D ghwhfwlrq frq�upv wkdw wkh vrxufh lv lq idfw uhdo1 Wklv dffrxqwv
iru wkh odujh qxpehu ri T @ 4 vrxufhv lq wkh rwkhu edqgv1

D uhodwhg lvvxh wkdw pxvw eh qrwhg lv wkh �x{ ryhuhvwlpdwlrq sureohp iru orz VQU vrxufhv1 Wklv h�hfw

7<



Galactic Plane

-10 -5 0 5 10
Actual position error (arcseconds)

0

100

200

300

400

N
um

be
r

Iljxuh 58= Srvlwlrq huuru +wuxwk � phdvxuhg, glvwulexwlrq ri Jdodfwlf sodqh vrxufhv1
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lv glvfxvvhg lq vrph ghwdlo lq wkh LUDV Idlqw Vrxufh Vxuyh| H{sodqdwru| Vxssohphqw +Prvklu hw do1 4<<5,1
Eulh�| vwdwhg/ wkh h�hfw lv fdxvhg e| qrlvh lq wkh phdvxuhphqwv hqkdqflqj wkh dssduhqw VQU ri d vrxufh1
Iru h{dpsoh/ li dq vrxufh ri wuxh VQU 51; lv hqkdqfhg e| qrlvh/ wr dq dssduhqw VQU ri 614/ lw zloo eh lqfoxghg
lq wkh fdwdorj/ zkloh li lw lv qrw hqkdqfhg lw grhv qrw phhw wkh wkuhvkrog iru lqfoxvlrq lq wkh fdwdorj1 Zh
kdyh qrw dssolhg d fruuhfwlrq iru wklv �x{ ryhuhvwlpdwlrq eldv lq wkh fdwdorj1 Wkh sulpdu| frqfhuq wr wkh
xvhu vkrxog eh lq ghwhuplqlqj vrxufh froruv zkhq xvlqj d kljk VQU edqg D vrxufh dqg d orz VQU vrxufh
iurp rqh ri wkh rwkhu edqgv1

.�� �@?_ �

Iru edqg D/ wkh wxuqryhu lq gl�huhqwldo vrxufh frxqwv rffxuv dw 433 pM|/ h{fhsw iru wkh rfwdqwv fryhulqj
wkh qlqhw| ghjuhhv derxw wkh Jdodfwlf fhqwhu1 Khuh wkh vrxufh frxqwv wxuq ryhu dw 533 pM|1 Dzd| iurp wkh
fhqwhu rfwdqwv/ wkh vorsh ri wkh gl�huhqwldo vrxufh frxqwv lq wkh sodqh dovr dsshdu wr eh frqvlvwhqw zlwk wkh
04 ydoxh h{shfwhg iru d hyhqo| glvwulexwhg glvn1 Wkh LUDV Jds vrxufh frxqwv dovr dsshdu wr eh frqvlvwhqw
zlwk h{shfwdwlrqv1 Wkh grxeoh shdn lq wkh Jds 4 vrxufh frxqwv lv olnho| gxh wr wkh fkdqjh lq vfdq udwh dqg
lqwhjudwlrq prgh lpsohphqwhg wrzdug wkh hqg ri wkh plvvlrq zkhq kljkhu irfdo sodqh whpshudwxuhv ghjudghg
wkh vhqvlvwlylw| ri wkh qrupdo vfdq prgh1

Wkh ghfolqh ri wkh ri wkh vrxufh frxqw vorsh ehorz �: M| iru mom ? 78� kdv +dw ohdvw, wzr frqwulexwlqj
idfwruv1 Iluvw/ wkhuh lv wkh xqh{shfwhg glvfryhu| ri plg0lqiuduhg h{wlqfwlrq forxgv +Shudxow hw do1/ 4<<9/ Hjdq
hw do1 4<<;,1 Wkh PV[ vxuyh| lqglfdwhv wkdw lq wkh lqqhu wzr rfwdqwv/ dqg zlwklq mem ? 4� wkhvh lqiuduhg
gdun forxgv fdq uhgxfh wkh edqg D vwdu frxqwv e| �43(1 Wkh vhfrqg idfwru lv vrxufh frqixvlrq1 Wkh vrxufh
fdqglgdwh �qglqj dojrulwkp xvhg lq wklv yhuvlrq ri wkh PV[ SVF frxog �qg d pd{lpxp ri derxw 833 vrxufhv
shu vtxduh ghjuhh1 Wkh qxpehu ghqvlw| ri vrxufhv zlwklq mom ? 78� zklfk duh deryh wkh PV[ vhqvlwlylw|
olplw lq edqg D lv pxfk kljkhu wkdq 833 shu vtxduh ghjuhh1 Lq wkhvh rfwdqwv/ hvshfldoo| qhdu wkh sodqh/ wkh
fdwdorj frpsohwhqhvv lv olplwhg e| frqixvlrq1

Dw wklv srlqw zh kdyh h{dplqhg wkh frpsohwhqhvv dqg uholdelolw| iru irxu duhdv/ doo qhdu wkh sodqh1 Zh
kdyh xvhg GDRSkrw wr h{wudfw vrxufhv iurp rqh ri wkh PV[ ghhs udvwhu vfdq fr0dggv1 Wkhvh lpdjhv duh
vhqvlwlyh wr srlqw vrxufhv deryh 53 pM| lq wkh devhqfh ri frqixvlrq1 Zh kdyh frpsduhg wkhvh vrxufhv wr wkh
vrxufhv h{wudfwhg iurp d vlqjoh orqj vxuyh| vfdq dw o @ 63�> e @ 4�1 Zh �qg wkdw uhtxlulqj 5 ghwhfwlrqv rxw
ri 7 vfdqv vkrxog jlyh xv d fdwdorj zklfk lv A<8( frpsohwh deryh 3158 M|/ dqg 83( frpsohwh dw 314 M| lq
edqg D1 Ixuwkhu/ iru d vlqjoh vfdq/ wkhuh zhuh qr idovh ghwhfwlrqv deryh 3149 M|/ lqglfdwlqj wkdw wkh fdwdorj
lv A<<( uholdeoh deryh wklv �x{ olplw1

Wkhvh frqfoxvlrqv duh frq�uphg e| rxu frpsdulvrqv ri fdwdorj vrxufhv wr vrxufhv lq wkuhh LVRJDO �hogv
qhdu wkh Jdodfwlf fhqwhu +Rprqw ) Jdqhvk sulydwh frppxqlfdwlrq 4<<<,1 Wkhvh �hogv/ wdnhq zlwk LVRFDP
lq wkh OZ5 +� : �p, dqg OZ6 +� 48 �p, �owhu edqgv/ zhuh fhqwhuhg rq= o @ 3=3�> e @ 4=3�> o @ 4=36�>
e @ �6=;6�> dqg o @ 4=6:�> e @ �5=96�1 Wkh udvwhu vfdq LVRFDP lpdjhv hdfk fryhuhg 483 � 483 �hogv0ri0
ylhz1 Wkhvh �hogv doo uhdfk wkh PV[ SVF vrxufh ghqvlw| olplw ri 833 vrxufhv shu vtxduh ghjuhh1 Zkloh d
gluhfw frpsdulvrq ri pdjqlwxghv lv qrw srvvleoh/ jlyhq wkh gl�huhqw zdyhohqjwk fryhudjhv ri wkh PV[ dqg
LVRFDP �owhuv/ zh fdq hvwlpdwh wkh frpsohwhqhvv ri wkh PV[ SVF iurp wklv frpsdulvrq1 Iluvw/ zh qrwh
wkdw hyhu| PV[ SVF vrxufh zlwklq wkh LVRFDP �hogv kdv d frxqwhusduw ri frpsdudeoh pdjqlwxgh lq wkh
LVRFDP �hog1 Wklv lpsolhv wkdw qr vsxulrxv vrxufhv kdyh ehhq fuhdwhg lq wkh PV[ SVF surfhvvlqj1 Wkh
odujhu sl{ho vl}h ri PV[2VSLULW LLL zlwk uhvshfw wr LVRFDP lv dssduhqw lq wkh idfw wkdw d ihz ri wkh PV[
SVF vrxufhv duh uhvroyhg lqwr pxowlsoh remhfwv e| wkh LVRFDP lpdjh1 Frpsdulqj wkh vrxufh frxqwv dv d
ixqfwlrq ri euljkwqhvv/ wkh PV[ SVF y415 dsshduv wr eh frpsohwh +lq wkhvh �hogv, deryh 315 M| lq edqg
D/ dqg derxw 83( frpsohwh dw d �x{ ri 314: M|1 Wkh idlqwhvw PV[ vrxufh revhuyhg lq wkhvh �hogv lv 3145
M|1 Wkhvh qxpehuv duh frqvlvwhqw zlwk wkh h{shfwdwlrqv iru frpsohwhqhvv dqg uholdelolw| ghulyhg vwdwlvwlfdoo|
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iurp wkh frpsdulvrq wkh wkh FE36 udvwhu vfdq/ dqg zlwk wkh vrxufh frxqw ehkdylru vkrzq lq Iljxuhv 64 dqg
6;1

.�2 �@?_t �� @?_ �2

Wkh vkruw zdyhohqjwk E edqgv duh wkh ohdvw vhqvlwlyh ri wkh PV[ Lqiuduhg edqgv/ zlwk ghwhfwlrq vhqvlwlylwlhv
+iru dw ohdvw T @ 5 ghwhfwlrqv, ri dssur{lpdwho| 48 M| lq edqg E4 dqg ; M| lq edqg E51 Wkh gl�huhqwldo
vrxufh frxqwv wxuq ryhu lq edqg E4 dw derxw 55 M|/ lqglfdwlqj wkdw zh fdq h{shfw wkh fdwdorj wr eh uhdvrqdeo|
frpsohwh deryh wklv ohyho1 Wkh wxuqryhu rffxuv dw �47 M| lq edqg E51

Rqh ri wkh idfwruv wr frqvlghu zkhq xvlqj wkh E edqg gdwd duh wkdw wkh vxuyh| lv e| gh�qlwlrq ohvv
frpsohwh lq wkhvh edqgv/ jlyhq wkh vsolw qdwxuh ri wkh irfdo sodqh1 Wkh vxuyh| sodq |lhogv d 5� vxuyh| lq
wkhvh edqgv/ udwkhu wkdq d 7� vxuyh| dv lq wkh rwkhu edqgv1 Jlyhq wkh gh�qlwlrq xvhg iru wkh �x{ txdolw|
�dj/ zh hqg xs zlwk pdq| jrrg phdvxuhphqwv wdjjhg dv xsshu olplwv lq edqgv E4 dqg E51

.�� �@?_ �

Wkh F edqg kdv 7 dfwlyh froxpqv/ wzr rq hdfk vlgh ri wkh vwdjjhu olqh1 Wkh F duud| kdg wkh srruhvw qrlvh
fkdudfwhulvwlfv/ lqfoxglqj d qxpehu ri duwlidfwv zklfk zhuh xqfruuhfwhg iru wkh surfhvvlqj grqh iru Yhuvlrq
4 ri wkh fdwdorj1 Wkh wxuqryhu lq wkh hduo| sduw ri wkh plvvlrq rffxuv dw �419 M|/ dqg dw �5 M| odwh lq wkh
plvvlrq1 Wkh glvwulexwlrq ri vrxufhv zlwk �x{ olplwv +T @ 4, lq edqg F shdnv dw 417 M|/ dqg lq wkh Jdodfwlf
sodqh vfdqv dsshduv wr eh frqvlvwhqw zlwk wkh vorsh ri wkh glvwulexwlrq dw kljkhu vrxufh vwuhqjwkv1 Wklv
lpsolhv wkdw iru prvw vrxufhv lq wkh Jdodfwlf sodqh fdwdorj/ wkh T @ 4 �x{ ghqvlw| ydoxhv lq edqg F zloo eh
idluo| jrrg uhsuhvhqwdwlrqv ri wkh wuxh edqg F �x{ ghqvlw|1 Wklv lv frq�uphg e| Iljxuh 53/ zkhuh lq prvw
ri wkh T @ 4 vrxufhv/ wkh txrwhg �x{ ghqvlwlhv duh zlwklq wkh txrwhg huuru wrohudqfhv ri wkh _wuxwk%1 Lq wkh
LUDV Jdsv/ krzhyhu/ wkhuh lv d odujh h{fhvv ri T @ 4 vrxufhv1 Wkhvh duh olnho| gxh wr wkh lqfuhdvhg fryhudjh
lq wkh plggoh dqg hqgv ri wkh LUDV0olnh vfdq sdwwhuq1 Wkhuh lv xs wr vl{0irog uhgxqgdqfh lq wkh fhqwhu ri wkh
LUDV Jds vfdqv1 Dw wkh vfdq hqgv/ zkhuh doo ri wkh vfdqv frqyhujh/ wkh fryhudjh fdq eh A53� ryhu d jlyhq
duhd1 Lq wkhvh orfdwlrqv/ zh duh pxfk pruh olnho| wr vhh d vsxulrxv ghwhfwlrq dw d jlyhq orfdwlrq rqfh lq vl{
ru wzhqw| vfdqv wkdq rqfh lq irxu vfdqv1 Ixuwkhu/ ehfdxvh Jds 4 zdv revhuyhg odwhu lq wkh plvvlrq zkhq wkh
qrlvh zdv kljkhu/ wkh olnolhkrrg ri kdylqj vsxulrxv ghwhfwlrqv lqfuhdvhv1 Wklv h{sodlqv wkh odujh qxpehuv ri
_ghwhfwlrq olplw% phdvxuhphqwv lq wkh E/ F/ G/ dqg H edqgv lq wkh LUDV jdsv1 Zkloh rqh vkrxog rqo| xvh
dq| ri wkh T @ 4 �x{ ghqvlw| ydoxhv zlwk juhdw fdxwlrq/ uhphpehu wkdw wkhvh duh ohdvw uholdeoh lq wkh LUDV
Jds fdwdorj1

.�e �@?_ #

Dqrwkhu 70froxpq ghwhfwru duud|/ wkh G edqg kdv voljkwo| ehwwhu qrlvh fkdudfwhulvwlfv wkdq wkh F duud|/ dqg
wkhuhiruh voljkwo| ehwwhu shuirupdqfh1 Iurp wkh �jxuhv/ rqh �qgv wkdw wkh gl�huhqwldo vrxufh frxqwv ehjlq
wxuqryhu dw �4 M| iru wkh hduo| vfdqv dqg �418 M| lq wkh odwhu vfdqv1 Dv lv h{shfwhg wkh vkdshv ri wkh vrxufh
frxqw fxuyhv iru F dqg G duh txlwh vlplodu/ lqfoxglqj wkh ghwdlov ri wkh ehkdylru ri wkh T @ 4 vrxufh frxqwv1

.�D �@?_ ,

D 50froxpq duud|/ wkh H edqg lv ohvv vhqvlwlyh wkdq wkh F dqg G edqgv1 Wkh 50froxpq vwuxfwxuh dovr pdnhv
ghwhfwru gursrxwv d eljjhu sureohp/ lqfuhdvlqj wkh olnholhkrrg wkdw d uhdo vrxufh zloo qrw eh ghwhfwhg lq d
jlyhq vfdq1 Wklv dffrxqwv iru wkh odujhu qxpehu ri T @ 4 vrxufhv lq wklv edqg1 Lq wkh hduo| sduw ri wkh
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plvvlrq +txdgudqwv L dqg LY,/ wkh wxuqryhu lq vrxufh frxqwv rffxuv dw �518 M|1 Iru wkh odwhu vfdqv +txdgudqwv
LL dqg LLL/ wkh LUDV jdsv, wkh wxuqryhu kdv pryhg wr �618 M|1 Dovr qrwlfdeoh lv dq xswxuq lq wkh vorsh
ri wkh glvwulexwlrq dw �8 M|1 Wklv lv hvshfldoo| dssduhqw lq wkh odwhu vfdqv/ suredeo| ehfdxvh ri wkh vpdoohu
qxpehuv ri uhdo vrxufhv lq wkh dqwl0fhqwhu dqg jdsv1 Wklv lv prvw olnho| gxh wr vhohfwlrq eldvhv dw wkh orz
VQU ohyhov1 Lq edqg H wklv eldv lv d pruh vhyhuh sureohp wkdq lq edqgv F dqg G1

H 6�?@* �L|it |L |�i Ntih

H�� �@�i@|t

;1414 Duwlidfwv Qhdu Euljkw Vrxufhv

Wkh VSLULW LLL lqvwuxphqw vx�huhg iurp lqwhuqdo jolqwv iurp wkh euljkwhvw LU vrxufhv/ qrwdeo| lq wkh furvv0
vfdq gluhfwlrq1 W|slfdoo| wkhvh duh qrw srlqw0olnh dqg vkrxog kdyh ehhq uhpryhg e| wkh fdvfdgh0dyhudjh
�owhulqj surfhvv1 Krzhyhu/ lw lv srvvleoh wkdw wkhvh jolqwv pd| fdxvh vsxulrxv frpsdqlrqv wr yhu| euljkw +�
d ihz kxqguhg M|, vrxufhv1

;1415 Hplvvlrq Ulgjh Olqh Vrxufhv

Wkh Edqg D lpdjhv vkrz wkdw zlwklq 	4=8� ri wkh Jdodfwlf htxdwru/ wkh edfnjurxqg lv grplqdwhg e| euljkw/
kljko| vwuxfwxuhg gl�xvh hplvvlrq1 Wr wkh srlqw vrxufh h{wudfwru/ nqrwv lq wklv hplvvlrq pd| dsshdu wr eh
srlqw0olnh1 Lq vrph duhdv/ qrwdeo| wkh F|jqxv uhjlrq/ zh riwhq vhh srlqw vrxufhv lq d olqh dorqj d ulgjh ri
hplvvlrq1 Zkhwkhu wkhuh duh dfwxdoo| hpehgghg remhfwv lq wkhvh nqrwv lv qrw nqrzq1

;1416 Vrxufhv Qhdu wkh Qruwk Hfolswlf Sroh

Wkh LUDV Jds vfdqv fryhu dq hfolswlf odwlwxgh udqjh iurp �98� � � � <3�1 Gxh wr wkh frruglqdwh ghjhqhudf|
qhdu wkh Qruwk Hfolswlf Sroh +QHS,/ qhduo| doo ri wkh vfdqv ryhuods dw wklv srlqw1 D wrwdo ri �iw| vfdqv fryhu
wkh QHS1 Wklv uhvxowv lq d euhdngrzq ri wkh vrxufh dffhswdqfh fulwhuld gh�qhg lq Wdeoh 8/ zklfk kdyh ehhq
rswlpl}hg iru wkh pd{lpxp ri 9 fryhudjhv lq wkh fhqwhu ri wkh pdlq vfdq uhjlrq1 Uhtxlulqj rqo| 6 vljkwlqjv
qhdu wkh sroh uhvxowv lq pdq| idovh ghwhfwlrqv1 Wr dyrlg uholdelolw| sureohpv qhdu wkh QHS/ Yhuvlrq 415 ri
wkh fdwdorj kdv uhmhfwhg vrxufhv iru zklfk � � :8� /wkh Edqg D �x{ ghqvlw| lv ohvv wkdq 3147 M|/ dqg wkh
qxpehu ri wrwdo GFHv wkh vrxufh lv vljkwhg lq lv ohvv wkdq ;1

Wklv grhv wkurz rxw d qxpehu ri uhdo vrxufhv/ dorqj zlwk d pxfk juhdwhu sursruwlrq ri vsxulrxv vrxufhv1
Hyhq vr/ wkh xvhu vkrxog vwloo wuhdw idlqw vrxufhv zlwk ihz vljkwlqjv qhdu wkh QHS zlwk vrph
vnhswlflvp1

H�2 �*@??i_ NT_@|it

Dw wkh suhvhqw zulwlqj/ zh sodq wr ehjlq uhsurfhvvlqj ri wkh gdwd iru yhuvlrq 5 ri wkh PV[ SVF lq odwh 4<<<
iru uhohdvh lq plg053331 Yhuvlrq 5 zloo wdnh dgydqwdjh lq lpsuryhphqwv lq fdoleudwlrq/ dqg srlqwlqj/ dv zhoo
dv uh�qhphqwv ri wkh dojrulwkp edvhg rq zkdw kdv ehhq ohduqhg derxw wkh gdwd iurp wkh surfhvvlqj dqg
ydolgdwlrq ri PV[ SVF Yhuvlrq 41
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;1514 Joredo Plqlpl}dwlrq2FRQYHUW 9 Surfhvvlqj

Yhuvlrq 5 ri wkh PV[ SVF zloo eh surfhvvhg zlwk FRQYHUW 913 dqg wkh �qdo Lqvwuxphqw Surgxfw Ilohv1
Wkh vljql�fdqw fkdqjhv lq FRQYHUW 9 iurp 815 frqfhuq wkh surfhvvlqj ri lqwhuihurphwhu gdwd1 Vrph plqru
fkdqjhv wr wkh vriwzduh wr surfhvv wkh udglrphwhu gdwd fruuhfwv sureohpv wkdw uhmhfwhg vpdoo eorfnv ri gdwd1
Zh zloo dovr surfhvv wkh gdwd zlwk vrph ri wkh ghidxow uhmhfwlrq rswlrqv wxuqhg r�1 Iru h{dpsoh/ fxuuhqwo|
gdwd iroorzlqj vdwxudwlrq lv uhmhfwhg rzlqj wr wkh lqdelolw| wr dffxudwho| txdqwli| wkh vxevhtxhqw fkdqjh lq
gdun fxuuhqw iru wkh vdwxudwhg sl{ho gxulqj fdoleudwlrq1 Qrw rqo| kdv wkh Fhohvwldo Edfnjurxqg surfhvvlqj
whdp hvwlpdwhg dqg fruuhfwhg wkh h�hfwv/ wklv sureohp lv uhpryhg e| wkh fdvfdgh0dyhudjh �owhulqj1

Dv ghvfulehg lq vhfwlrq 71515/ fdoleudwlrq zdv edvhg rq jurxqg edvhg phdvxuhphqwv vfdohg wr rq ruelw
ydoxhv ri revhuydwlrqv ri � Err1 Wkh rwkhu fdoleudwlrq vwduv dqg wkh uhihuhqfh vskhuhv zhuh xvhg wr dvvhvv
wkh dffxudf| ri wkh fdoleudwlrq1 Wkxv/ wkh eldv whup zdv lqwurgxfhg lqwr wkh xqfhuwdlqw| fdofxodwlrq1 Wkh
joredo fdoleudwlrq lqfoxghv doo wkh fdoleudwlrq phdvxuhphqwv/ wkhuhe| holplqdwlqj wkh eldv whup1 Dowkrxjk
qrw shuwlqhqw iru wkh PV[ SVF/ wkh joredo fdoleudwlrq dovr holplqdwhv wkh Xqsurehg Xqfhuwdlqwlhv lq wkh
udgldqfh huuru1 Wkh joredo fdoleudwlrq fohduo| vkrzv wkdw wkh skrwrphwulf huuru lv uhodwhg wr whpshudwxuh
dqg wklv ghshqghqfh lv lqfrusrudwhg lq wkh huuru whupv1

Wkh qhz fdoleudwlrq zloo dovr �{ wkh gl�fxowlhv vhhq lq wkh edqgv E dqg H fdoleudwlrq1 Wkh luudgldqfh
huuru dvvrfldwhg zlwk wkh fdoleudwlrq vkrxog dovr eh uhgxfhg iurp wkh Yhuvlrq 8 ydoxhv1 Lq dgglwlrq wr
wkh lpsuryhphqw lq wkh fdoleudwlrq/ wkh Fhohvwldo Edfnjurxqgv dqdo|vlv whdp kdv ehwwhu fkdudfwhul}hg wkh
lqvwuxphqw qrlvh dqg gdun fxuuhqw ehkdylru1 Wkhvh fkdqjhv zloo eh xvhg dv dgglwlrqdo +qrq0GSF, lqsxwv wr
FRQYHUW 91

;1515 Srlqwlqj Uh�qhphqw

Yhuvlrq 5 ri wkh PV[ SVF zloo kdyh vljql�fdqwo| lpsuryhg srvlwlrqv1 Wkh qrplqdo �iwk rughu sro|qrpldo
xvhg wr xsgdwh wkh eruhvljkw ri wkh orqj vfdqv kdv ehhq uhsodfhg zlwk d fxelf vsolqh zlwk nqrwv vsdfhg :�wr
43�dsduw/ rq wkh dyhudjh1 Wklv dorqh kdv lpsuryhg wkh srvlwlrq huuruv xs wr d idfwru ri wzr1 Rq wkh dyhudjh
wkh duhd ghqvlw| ri dvwurphwulf vwduv lv 4 wr 418 shu vtxduh ghjuhh> wklv qxpehu dssolhv wr d olqhdu ghjuhh ri
vfdq vlqfh wkh irfdo sodqhv duh �4�dfurvv1 Zh zloo xvh pxowlso| revhuyhg vwduv lq wkh PV[ SVF wr furvv0wlh
wkh dvwurphwulf revhuydwlrqv iurp wkh gl�huhqw vfdqv1 Wklv vkrxog lpsuryh wkh srvlwlrqv dqrwkhu 53(1 Zh
dqwlflsdwh phhwlqj ru h{fhhglqj wkh srlqwlqj uhtxluhphqw ri d kdoi frqh dqjoh ri 41;331

;1516 SVF Dojrulwkp Xsgdwhv

Wkh pdmru SVF dojrulwkp xsgdwh zloo lpsuryh wkh orfdo pd{lpxp �qglqj urxwlqh xvhg wr �qg srlqw vrxufh
fdqglgdwhv1 Yhuvlrq 4 suryhg wr eh gh�flhqw lq uhjlrqv ri kljk vrxufh ghqvlw|/ olplwlqj wkh vrxufh ghqvlw|
h{wudfwhg wr d pd{lpxp ri 833 vrxufhv shu vtxduh ghjuhh1 Hyhq lq uhjlrqv ri orzhu vrxufh ghqvlw|/ lw zdv
irxqg wkdw wkh idlqwhu ri d vwhoodu sdlu fdq eh plvvhg li wkh| zhuh wrr forvh wrjhwkhu1 Whvwv ri wkh qhz
phwkrg lqglfdwh wkdw zh vkrxog eh deoh wr dfklhyh vrxufh h{wudfwlrqv ri xs wr ;33 vrxufhv shu vtxduh ghjuhh
lq Yhuvlrq 5 ri wkh PV[ SVF1

� 5�W+WA WWW +,w�AWV, 5�,�A+�w +,5���5,

Wklv dsshqgl{ ehjlqv rq sdjh D041
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� 5�W+WA WWW ,66,�AWV, �̀V,w,�BAO A��w,5

Wklv dsshqgl{ ehjlqv rq sdjh E041

� 5�W+WA WWW �O�A��,A+W� ���V,+5W��5

Wklv dsshqgl{ ehjlqv rq sdjh F041

# 5�W+WA WWW ��w�+ ��++,�AW�� A��w,5

Wklv dsshqgl{ ehjlqv rq sdjh G041

+iuihi?Uit

^4` Exuglfn/ V1Y1 dqg Pruulv/ G1 F1 4<<:/ Rswlfdo Hqjlqhhulqj/ 69/ 5<:4

^5` Frkhq/ P1/ Zdonhu/ U1J1/ Eduorz/ P1M1 dqg Ghdfrq/ M1U1 4<<5/ DM/ 437/ 4983

^6` Frkhq/ P1/ Zdonhu/ U1J1/ Fduwhu/ E1/ Kdpphuvoh|/ S1/ Nlgjhu/ P1 dqg Qrjxfkl/ N1 4<<</ DM/ 44:/ 4;97

^7` Frkhq/ P1 dqg Kdpphuvoh|/ S1 4<<< lq suhshudwlrq

^8` Hjdq/ P1 S1 ) Sulfh/ V1G1/ 4<<9/ DM/ 445/ 5;95

^9` Hjdq/ P1 S1/ Vklspdq/ U1 I1/ Sulfh/ V1 G1/ Fduh|/ V1 M1/ Fodun/ I1 R1/ ) Frkhq/ P1 4<<;/ DsM/ 7<7/ O4<<

^:` Jh}dul/ G1\1/ Vfkplw}/ P1/ Slwwv/ S1V1/ dqg Phdg/ M1P1 4<<6/ Fdwdorj ri Lqiuduhg Revhuydwlrqv/ 6ug Hg1
+QDVD=Zdvklqjwrq GF,

^;` Klqgvoh|/ U1E/ dqg Kduulqjwrq/ U1V1/ 4<<7/ DM/ 43:/ 5;3

^<` Nxuxf}/ U1 O1 4<<4 lq _Vwhoodu Dwprvskhuhv 0 Eh|rqg Fodvvlfdo Prghov% +Nqxgvhq,

^43` Ploo/ M1 P1/ R*Qhlo/ U1/ Sulfh/ V1 G1/ Urplfn/ J1/ X|/ P1/ ) Jdsrvfknlq/ H1 P1 4<<7/ M1 Vsdfhfudiw )
Urfnhwv/ 64/ <33

^44` Prvklu/ P1/ hw do1 4<<5/ LUDV Idlqw Vrxufh Vxuyh| H{sodqdwru| Vxssohphqw Yhuvlrq 5 +LSDF=Sdvdghqd,

^45` Shudxow/ P1/ Rprqw/ D1/Vlprq/ J1/ Vhjxlq/ S1/ Rmkd/ G1/ Eorppdhuw/ M1/ Ihool/ P1/ Jlopruh/ J1/
Jxjolhopr/ I1/ Kdelqj/ K1/ Sulfh/ V1G1/ Urelq/ D1/ gh Edw}/ E1/ Fhvduvn|/ F1/ Hoed}/ G1/ Hsfkwhlq/
Q1/ Irxtxh/ S1/ Jxhvw/ V1/ Ohylqh/ G1/ Sroorfn/ D1/ Suxvwl/ W1/ Vlhehqprujhq/ U1/ Whvwl/ O1 dqg Wlskhqh/
G1 4<<9 D)D/ 648/ O498

^46` Sudww/ Z1N1/ Frrshu/ W1M1/ dqg Ndelu/ L1 4<;7/ _Svhxgrphgldq Ilowhu% lq Surf1 VSLH Frqi1/ Orv Dqjhohv/
FD/ Mdqxdu| 4<;7

^47` Sudww/ Z1N1 4<<4/ Gljlwdo Lpdjh Surfhvvlqj/ Vhfrqg Hglwlrq/ +Zloh|0Lqwhuvflhqfh=Qhz \run,
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^48` Suhvv/ Z1K1/ Whxnrovn|/ V1D1/ Yhwwhuolqj/ Z1W1/ Iodqqhu|/ E1S1/ 4<<5/ Qxphulfdo Uhflshv lq Iruwudq/ 5h/
+Fdpeulgjh Xqlyhuvlw| Suhvv=Fdpeulgjh,

^49` Sulfh/ V1G1/ Whghvfr/ H1 I1/ Frkhq/ P1/ Zdonhu/ U1 J1/ Khqu|/ U1 F1/ Prvklu/ P1/ Sd{wrq/ O1 M1/ Zlwwhu0
eruq/ I1 F1/ _Dvwurqrp| ri wkh Plgfrxuvh Vsdfh H{shulphqw%/ Qhz Krul}rqv iurp Pxowl0Zdyhohqjwk
Vn| Vxuyh|v/ Surfhhglqjv ri wkh 4:<wk V|psrvlxp ri wkh Lqwhuqdwlrqdo Dvwurqrplfdo Xqlrq/ khog lq
Edowlpruh/ XVD Dxjxvw 59063/ 4<<9/ Noxzhu Dfdghplf Sxeolvkhuv/ hglwhg e| Euldq M1 PfOhdq/ Gdqlho
D1 Jrorpehn/ Mh�uh| H1 Kd|hv/ dqg Kduu| H1 Sd|qh/ s1 4481

^4:` Plgfrxuvh Vsdfh H{shulphqw grfxphqw WS03435330334 I341330<9434:/ 4<<9/ _VSLULW LLL Lqwhjudwhg
Jurxqg dqg Rq0Ruelw Fdoleudwlrq Uhsruw lq Vxssruw ri FRQYHUW 615/% / +Xwdk Vwdwh Xqlyhuvlw|=
Orjdq/ XW,

^4;` VSLULW LLL Gdwd Surfhvvlqj Fhqwhu/ Dxjxvw 4<<:/ Frqyhuw Xvhu*v Pdqxdo Yhuvlrq 813 = VGO2<50446/
VG03:3833033340G431330<:3;5</ +Xwdk Vwdwh Xqlyhuvlw|= Orjdq/ XW,

^4<` VSLULW LLL Gdwd Surfhvvlqj Fhqwhu/ Dxjxvw 4<<;/ Frqyhuw Xvhu*v Pdqxdo Yhuvlrq 915/ VGO2<50446/
VG03:3833033340G441330<;3;59/ +Xwdk Vwdwh Xqlyhuvlw|= Orjdq/ XW,

^53` VSLULW LLL Gdwd Surfhvvlqj Fhqwhu/ VSLULW LLL Vhqvru Xvhuv Jxlgh +UY16 82<6/ VGO <50374,/ +Xwdk
Vwdwh Xqlyhuvlw|= Orjdq/ XW,

^54` VSLULW LLL Gdwd Surfhvvlqj Fhqwhu/ Pdufk 4<<9/ VSLULW LLL Lqiuduhg Vhqvru Jurxqg Fdoleudwlrq Uhsruw
lq Vxssruw ri Frqyhuw 613 + VGO2<8038;,/ +Xwdk Vwdwh Xqlyhuvlw|= Orjdq/ XW,

^55` VSLULW LLL Gdwd Surfhvvlqj Fhqwhu/ Pdufk 4<<;/ VSLULW LLL Lqiuduhg Vhqvru Jurxqg Fdoleudwlrq Uhsruw
lq Vxssruw ri Frqyhuw 813 + VGO2<:0389,/ +Xwdk Vwdwh Xqlyhuvlw|= Orjdq/ XW,

^56` Ydq Ghu Kxfkw/ N1 D1/ Pruulv/ S1 Z1/ Zlooldpv/ S1 P1/ Vhwld Jxqdzdq/ G1 \1 D1/ Ehlqwhpd/ G1 D1/
Er{krruq/ G1 U1/ Gh Juddxz/ W1/ Khudv/ D1/ Nhvwhu/ G1 M1 P1/ Odkxlv/ I1/ Ohhfk/ N1 M1/ Urhoivhpd/ S1
U1/ Vdodpd/ D1/ Ydohqwlmq/ H1 D1 dqg Ydqghqexvvfkh/ E1 4<<9 D)D/ 648/ O4<6
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APPENDIX A
SPIRIT III RELATIVE SPECTRAL RESPONSE

The relative spectral response (RSR) for the entire system for each spectral band was measured
during the ground calibration using a standard source and an external (to the sensor) Michelson
step-scan interferometer (SDL/97-056).  The in-band response for each array was measured at
high spectral resolution (1.9 cm-1) with the scatter source as the reference.  The noise floor of
these measurements produces a dynamic range of 100-200.  Ten frames of radiometer data were
collected at each interferometer position and an average is taken over 8 of the 10 frames.  The
resulting interferogram was apodized with a Kaiser-Bessel function, Fourier transformed and
phase corrected using a triangular moving average.  The resulting spectra were corrected for
various transmissions and optical efficiencies in the calibration chamber to produce the relative
spectral response in Tables A-2 through A-6.

All relative spectral responses, except for Band B1, show channel spectra at a spacing of
approximately 2.9 cm-1.  A careful examination of the chamber and source factors leads to the
conclusion that the absorption at 8.80 µm in Band A is real.

The relative spectral response curves are shown in Figure A-1.  Electronic files of these
data are available from the DCATT and Celestial Background teams in both ASCII and IDL xdr
saveset formats. The percent uncertainties are the root sum square of the estimated or measured
variances in the efficiencies/transmission factors in the calibration chamber, in the input and the
measurement noise. The uncertainty envelopes are shown in the dashed lines in Figure A-1.

Because of the wide variety of source functions encountered by the MSX experiments the
out-of-band response was measured to levels of ~10-6 to 10-9 of the peak in-band response.
Optical filters were used to block the in-band response permitting the source flux to be increased
without saturating the radiometer or increasing the photon noise.  The resolution was increased
to 16.3 cm-1.  The out-of-band responses were absent or very small.  The B Bands have a fairly
broad response at the ~10-5 level out to 6.7 µm where it is completely attenuated with a Sapphire
blocking filter.  The other bands have a ~10-6 response shortward of the passband but over a very
limited spectral range.

The nominal wavelenghts for the full-widths at one-tenth-maximum (FWTM) response
are listed in Table A-1.  The FWHM wavelengths are listed in Table 1 of the main text.

Table A-1.  Nominal SPIRIT III Square Bandpasses

A B1 B2 C D E

λmin 6.0 4.21 4.23 11.1 13.3 18.0
λmax 10.9 4.37 4.47 13.3 16.1 26.8
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Figure A-1.  SPIRIT III Radiometer Measured Relative Spectral Response (RSR)
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Table A-2. Band B RSRs
Wavelength

(µm) B1 B2
4.16 0.000000 0.000000
4.17 0.000321 -0.001025
4.18 0.002414 -0.003327
4.19 0.001936 -0.000994
4.20 -0.006701 0.009207
4.21 0.011578 0.001545
4.22 0.452245 0.004766
4.23 0.777577 0.058407
4.24 0.304161 0.608008
4.25 0.697123 0.650190
4.26 0.801535 0.575328
4.27 0.799120 0.435930
4.28 0.724311 0.643920
4.29 0.596705 0.883153
4.30 0.816915 0.943367
4.31 0.968638 0.871503
4.32 0.501933 0.805304
4.33 0.645571 0.754601
4.34 0.917999 0.737379
4.35 0.709830 0.888530
4.36 0.727218 0.980702
4.37 0.029982 0.972837
4.38 -0.006652 0.913560
4.39 -0.004878 0.864674
4.40 -0.005017 0.820818
4.41 0.000629 0.827113
4.42 -0.000207 0.852358
4.43 0.001989 0.898642
4.44 0.001059 0.937199
4.45 0.003335 0.648012
4.46 0.005043 0.255528
4.47 -0.003555 0.115852
4.48 -0.001868 0.017378
4.49 0.000003 0.000589
4.50 -0.004080 0.003769
4.51 -0.000254 -0.000620
4.52 0.004378 -0.001550
4.53 -0.004066 0.003610
4.54 0.002668 0.002098
4.55 0.000000 0.000000
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Table A-3. Band A RSR

Wavelength
(µm) A

Wavelength
(µm) A

Wavelength
(µm) A

5.47 0.000000 5.97 0.009396 6.47 0.385517
5.48 -0.000315 5.98 0.012155 6.48 0.379606
5.49 0.000071 5.99 0.017347 6.49 0.375760
5.50 -0.000081 6.00 0.027535 6.50 0.382499
5.51 -0.000332 6.01 0.044530 6.51 0.390996
5.52 0.000730 6.02 0.073925 6.52 0.394983
5.53 0.000099 6.03 0.120096 6.53 0.403409
5.54 -0.000260 6.04 0.174823 6.54 0.410362
5.55 0.000781 6.05 0.209913 6.55 0.414612
5.56 -0.000277 6.06 0.231350 6.56 0.418207
5.57 0.000992 6.07 0.230204 6.57 0.410824
5.58 -0.000246 6.08 0.235028 6.58 0.407698
5.59 0.000418 6.09 0.244067 6.59 0.395046
5.60 0.001200 6.10 0.263588 6.60 0.384463
5.61 0.000469 6.11 0.288916 6.61 0.368905
5.62 0.000736 6.12 0.329386 6.62 0.355570
5.63 0.000408 6.13 0.369327 6.63 0.340187
5.64 -0.000391 6.14 0.396128 6.64 0.328004
5.65 0.000149 6.15 0.403652 6.65 0.323517
5.66 0.000318 6.16 0.390063 6.66 0.315891
5.67 -0.000156 6.17 0.371658 6.67 0.313424
5.68 0.000558 6.18 0.350065 6.68 0.314371
5.69 -0.000199 6.19 0.336074 6.69 0.326072
5.70 -0.000454 6.20 0.328446 6.70 0.339979
5.71 0.000622 6.21 0.327350 6.71 0.355364
5.72 -0.000303 6.22 0.333742 6.72 0.377231
5.73 0.000125 6.23 0.346703 6.73 0.401233
5.74 0.000292 6.24 0.367139 6.74 0.426820
5.75 0.000171 6.25 0.391409 6.75 0.451653
5.76 -0.000368 6.26 0.416367 6.76 0.473748
5.77 0.000372 6.27 0.435593 6.77 0.491115
5.78 -0.000244 6.28 0.443288 6.78 0.509462
5.79 0.000207 6.29 0.442696 6.79 0.522869
5.80 -0.000233 6.30 0.440689 6.80 0.541286
5.81 0.000368 6.31 0.441459 6.81 0.549941
5.82 0.000190 6.32 0.435750 6.82 0.552796
5.83 0.000651 6.33 0.428029 6.83 0.553285
5.84 0.000471 6.34 0.418284 6.84 0.549820
5.85 0.000223 6.35 0.423546 6.85 0.537861
5.86 0.001711 6.36 0.427868 6.86 0.519079
5.87 0.002409 6.37 0.432599 6.87 0.520042
5.88 0.001856 6.38 0.445541 6.88 0.516787
5.89 0.002763 6.39 0.448921 6.89 0.509425
5.90 0.002629 6.40 0.449929 6.90 0.499657
5.91 0.003186 6.41 0.435919 6.91 0.493018
5.92 0.002621 6.42 0.433301 6.92 0.488662
5.93 0.004226 6.43 0.427905 6.93 0.485753
5.94 0.004010 6.44 0.422693 6.94 0.481985
5.95 0.005713 6.45 0.410502 6.95 0.477722
5.96 0.006218 6.46 0.398529 6.96 0.471640
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Table A-3 (continued)
Wavelength

(µm) A
Wavelength

(µm) A
Wavelength

(µm) A
6.97 0.478814 7.47 0.646108 7.97 0.704601
6.98 0.477031 7.48 0.653754 7.98 0.692965
6.99 0.473341 7.49 0.652951 7.99 0.691422
7.00 0.472542 7.50 0.656863 8.00 0.687336
7.01 0.473024 7.51 0.660540 8.01 0.682620
7.02 0.471294 7.52 0.654593 8.02 0.686771
7.03 0.473169 7.53 0.659593 8.03 0.679673
7.04 0.474714 7.54 0.657494 8.04 0.690161
7.05 0.492196 7.55 0.650288 8.05 0.685682
7.06 0.511286 7.56 0.651977 8.06 0.696141
7.07 0.532313 7.57 0.642447 8.07 0.697351
7.08 0.556427 7.58 0.634934 8.08 0.700001
7.09 0.576532 7.59 0.629804 8.09 0.707844
7.10 0.589700 7.60 0.611713 8.10 0.706349
7.11 0.602659 7.61 0.592465 8.11 0.718779
7.12 0.615275 7.62 0.574673 8.12 0.715157
7.13 0.623724 7.63 0.547002 8.13 0.725554
7.14 0.623750 7.64 0.521335 8.14 0.722358
7.15 0.622621 7.65 0.495537 8.15 0.728354
7.16 0.623450 7.66 0.476073 8.16 0.727872
7.17 0.610149 7.67 0.478585 8.17 0.728263
7.18 0.599436 7.68 0.491712 8.18 0.732707
7.19 0.588277 7.69 0.522558 8.19 0.728306
7.20 0.571725 7.70 0.545698 8.20 0.735303
7.21 0.549332 7.71 0.551033 8.21 0.727248
7.22 0.536179 7.72 0.558508 8.22 0.735704
7.23 0.528989 7.73 0.560765 8.23 0.728425
7.24 0.520420 7.74 0.562598 8.24 0.737886
7.25 0.511772 7.75 0.571490 8.25 0.732891
7.26 0.511088 7.76 0.571954 8.26 0.738155
7.27 0.506482 7.77 0.583114 8.27 0.734946
7.28 0.503534 7.78 0.591672 8.28 0.732543
7.29 0.510673 7.79 0.598145 8.29 0.722298
7.30 0.512367 7.80 0.616045 8.30 0.730495
7.31 0.512250 7.81 0.623564 8.31 0.745780
7.32 0.518392 7.82 0.640710 8.32 0.748865
7.33 0.523314 7.83 0.656912 8.33 0.759329
7.34 0.526000 7.84 0.667397 8.34 0.755612
7.35 0.535264 7.85 0.687624 8.35 0.763914
7.36 0.550284 7.86 0.695020 8.36 0.755474
7.37 0.562693 7.87 0.711267 8.37 0.761074
7.38 0.581907 7.88 0.721282 8.38 0.751506
7.39 0.602190 7.89 0.723283 8.39 0.754418
7.40 0.610440 7.90 0.734138 8.40 0.741450
7.41 0.619443 7.91 0.727328 8.41 0.743307
7.42 0.628377 7.92 0.733480 8.42 0.731616
7.43 0.630253 7.93 0.725512 8.43 0.731825
7.44 0.635582 7.94 0.720886 8.44 0.719148
7.45 0.643338 7.95 0.718063 8.45 0.720453
7.46 0.641036 7.96 0.703557 8.46 0.709166
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Table A-3 (continued)
Wavelength

(µm) A
Wavelength

(µm) A
Wavelength

(µm) A
8.47 0.708559 8.97 0.825100 9.47 0.882820
8.48 0.699139 8.98 0.828402 9.48 0.883419
8.49 0.697760 8.99 0.841468 9.49 0.878432
8.50 0.689022 9.00 0.842916 9.50 0.890269
8.51 0.686833 9.01 0.857745 9.51 0.881337
8.52 0.678351 9.02 0.855512 9.52 0.887906
8.53 0.677511 9.03 0.870108 9.53 0.887974
8.54 0.670695 9.04 0.867474 9.54 0.882697
8.55 0.669559 9.05 0.876884 9.55 0.891172
8.56 0.664081 9.06 0.875987 9.56 0.882921
8.57 0.666043 9.07 0.878352 9.57 0.889912
8.58 0.663119 9.08 0.880010 9.58 0.889400
8.59 0.665729 9.09 0.874489 9.59 0.885145
8.60 0.664884 9.10 0.878435 9.60 0.893114
8.61 0.666864 9.11 0.864792 9.61 0.885701
8.62 0.668923 9.12 0.868077 9.62 0.892151
8.63 0.676696 9.13 0.853531 9.63 0.891550
8.64 0.680084 9.14 0.852288 9.64 0.887027
8.65 0.690003 9.15 0.843895 9.65 0.896135
8.66 0.694586 9.16 0.836016 9.66 0.890028
8.67 0.707556 9.17 0.834195 9.67 0.896272
8.68 0.713425 9.18 0.821476 9.68 0.897772
8.69 0.729787 9.19 0.824064 9.69 0.893403
8.70 0.735895 9.20 0.811401 9.70 0.904857
8.71 0.752735 9.21 0.815731 9.71 0.900498
8.72 0.756313 9.22 0.809802 9.72 0.907391
8.73 0.777608 9.23 0.811261 9.73 0.913072
8.74 0.777458 9.24 0.815133 9.74 0.906912
8.75 0.792853 9.25 0.808357 9.75 0.920949
8.76 0.787176 9.26 0.818700 9.76 0.919963
8.77 0.784099 9.27 0.812349 9.77 0.923319
8.78 0.729027 9.28 0.821093 9.78 0.937494
8.79 0.472745 9.29 0.821801 9.79 0.933772
8.80 0.290218 9.30 0.826645 9.80 0.948474
8.81 0.503975 9.31 0.834738 9.81 0.955167
8.82 0.630103 9.32 0.832594 9.82 0.955379
8.83 0.704594 9.33 0.844496 9.83 0.971224
8.84 0.772540 9.34 0.839929 9.84 0.968972
8.85 0.776315 9.35 0.850271 9.85 0.975598
8.86 0.759803 9.36 0.852505 9.86 0.986056
8.87 0.769375 9.37 0.853988 9.87 0.977891
8.88 0.791374 9.38 0.863588 9.88 0.989367
8.89 0.786147 9.39 0.858526 9.89 0.991182
8.90 0.799746 9.40 0.870082 9.90 0.987108
8.91 0.793387 9.41 0.866701 9.91 0.998688
8.92 0.804534 9.42 0.872865 9.92 0.991888
8.93 0.797504 9.43 0.878692 9.93 0.992047
8.94 0.809826 9.44 0.874561 9.94 0.996745
8.95 0.809961 9.45 0.885759 9.95 0.984782
8.96 0.818694 9.46 0.877036 9.96 0.989746
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Table A-3 (continued)
Wavelength

(µm) A
Wavelength

(µm) A
Wavelength

(µm) A
9.97 0.985776 10.47 0.918957 10.97 0.046665
9.98 0.974911 10.48 0.918424 10.98 0.045030
9.99 0.979445 10.49 0.903450 10.99 0.042951

10.00 0.968467 10.50 0.896258 11.00 0.039863
10.01 0.962926 10.51 0.892849 11.01 0.034928
10.02 0.966954 10.52 0.874568 11.02 0.029144
10.03 0.953950 10.53 0.866463 11.03 0.025034
10.04 0.955628 10.54 0.861037 11.04 0.022867
10.05 0.957908 10.55 0.842872 11.05 0.020201
10.06 0.946420 10.56 0.831666 11.06 0.016835
10.07 0.952069 10.57 0.825350 11.07 0.013841
10.08 0.949022 10.58 0.808134 11.08 0.011200
10.09 0.938937 10.59 0.798081 11.09 0.008871
10.10 0.945959 10.60 0.793470 11.10 0.007030
10.11 0.939243 10.61 0.777713 11.11 0.005513
10.12 0.933604 10.62 0.768171 11.12 0.004446
10.13 0.941431 10.63 0.765359 11.13 0.003837
10.14 0.932670 10.64 0.753631 11.14 0.003153
10.15 0.930666 10.65 0.746280 11.15 0.002699
10.16 0.935492 10.66 0.747285 11.16 0.002766
10.17 0.925777 10.67 0.739491 11.17 0.002519
10.18 0.928359 10.68 0.737160 11.18 0.001660
10.19 0.929852 10.69 0.744417 11.19 0.001119
10.20 0.918796 10.70 0.743318 11.20 0.001737
10.21 0.923639 10.71 0.742179 11.21 0.002399
10.22 0.923781 10.72 0.751495 11.22 0.002086
10.23 0.916081 10.73 0.752902 11.23 0.001401
10.24 0.924107 10.74 0.751045 11.24 0.001276
10.25 0.921999 10.75 0.758192 11.25 0.001750
10.26 0.916113 10.76 0.757480 11.26 0.002424
10.27 0.924354 10.77 0.747625 11.27 0.002722
10.28 0.920019 10.78 0.744220 11.28 0.002334
10.29 0.918400 10.79 0.732253 11.29 0.001794
10.30 0.927333 10.80 0.702943 11.30 0.001428
10.31 0.922236 10.81 0.672837 11.31 0.001314
10.32 0.922498 10.82 0.635270 11.32 0.001177
10.33 0.929504 10.83 0.581131 11.33 0.000686
10.34 0.922617 10.84 0.523840 11.34 0.000299
10.35 0.923794 10.85 0.466520 11.35 0.000187
10.36 0.931271 10.86 0.400727 11.36 -0.000313
10.37 0.925033 10.87 0.335088 11.37 -0.000577
10.38 0.927672 10.88 0.275949 11.38 0.000308
10.39 0.935860 10.89 0.218556 11.39 0.001138
10.40 0.928797 10.90 0.165904 11.40 0.000671
10.41 0.931357 10.91 0.124094 11.41 -0.000614
10.42 0.938661 10.92 0.092919 11.42 -0.001549
10.43 0.929666 10.93 0.070463 11.43 -0.001396
10.44 0.931027 10.94 0.057988 11.44 0.000127
10.45 0.934080 10.95 0.052119 11.45 0.001869
10.46 0.922022 10.96 0.048793 11.46 0.002383
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Table A-3 (continued)
Wavelength

(µm) A
11.47 0.001912
11.48 0.001296
11.49 0.001150
11.50 0.001280
11.51 0.001206
11.52 0.000988
11.53 0.001041
11.54 0.001192
11.55 0.000761
11.56 -0.000265
11.57 -0.000816
11.58 -0.000105
11.59 0.000977
11.60 0.001290
11.61 0.001043
11.62 0.000650
11.63 0.000297
11.64 0.000299
11.65 0.000623
11.66 0.000696
11.67 0.000340
11.68 0.000062
11.69 -0.000012
11.70 -0.000270
11.71 -0.000345
11.72 0.000426
11.73 0.001389
11.74 0.001510
11.75 0.000965
11.76 0.000412
11.77 0.000000
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Table A-4. Band C RSR

Wavelength
   (µm) C

Wavelength
(µm) C

Wavelength
(µm) C

10.53 0.000000 11.03 0.045861 11.53 0.816728
10.54 -0.000914 11.04 0.073646 11.54 0.821064
10.55 -0.000727 11.05 0.116041 11.55 0.824815
10.56 -0.000745 11.06 0.180054 11.56 0.815556
10.57 -0.000710 11.07 0.268399 11.57 0.803970
10.58 -0.001392 11.08 0.367111 11.58 0.801957
10.59 -0.002924 11.09 0.461857 11.59 0.799875
10.60 -0.003552 11.10 0.541751 11.60 0.789415
10.61 -0.002006 11.11 0.582732 11.61 0.781961
10.62 -0.000540 11.12 0.592429 11.62 0.785514
10.63 -0.000048 11.13 0.595371 11.63 0.786397
10.64 0.000941 11.14 0.600282 11.64 0.776755
10.65 0.001114 11.15 0.596081 11.65 0.770338
10.66 -0.000376 11.16 0.589153 11.66 0.775501
10.67 -0.000307 11.17 0.594159 11.67 0.779546
10.68 0.000252 11.18 0.600414 11.68 0.775725
10.69 -0.000401 11.19 0.599422 11.69 0.777365
10.70 -0.001333 11.20 0.604639 11.70 0.790802
10.71 -0.002582 11.21 0.619805 11.71 0.801077
10.72 -0.003791 11.22 0.630077 11.72 0.801720
10.73 -0.003848 11.23 0.634649 11.73 0.808188
10.74 -0.003444 11.24 0.650775 11.74 0.826442
10.75 -0.003285 11.25 0.675642 11.75 0.839255
10.76 -0.003240 11.26 0.691725 11.76 0.838775
10.77 -0.002170 11.27 0.707202 11.77 0.840581
10.78 -0.001128 11.28 0.733673 11.78 0.851027
10.79 -0.002164 11.29 0.757055 11.79 0.855590
10.80 -0.003254 11.30 0.770278 11.80 0.849256
10.81 -0.002783 11.31 0.789894 11.81 0.847240
10.82 -0.002651 11.32 0.815887 11.82 0.853587
10.83 -0.002713 11.33 0.828956 11.83 0.852686
10.84 -0.002335 11.34 0.829510 11.84 0.839411
10.85 -0.002059 11.35 0.837900 11.85 0.829114
10.86 -0.001661 11.36 0.851178 11.86 0.829090
10.87 -0.002191 11.37 0.850236 11.87 0.826714
10.88 -0.004347 11.38 0.841676 11.88 0.813243
10.89 -0.005525 11.39 0.842430 11.89 0.799741
10.90 -0.003773 11.40 0.841868 11.90 0.796164
10.91 -0.001382 11.41 0.828683 11.91 0.793991
10.92 0.000142 11.42 0.819150 11.92 0.784160
10.93 0.000674 11.43 0.821549 11.93 0.774647
10.94 0.000007 11.44 0.819564 11.94 0.773922
10.95 -0.000353 11.45 0.809130 11.95 0.773681
10.96 0.001146 11.46 0.808749 11.96 0.764548
10.97 0.003160 11.47 0.818953 11.97 0.753388
10.98 0.007546 11.48 0.821419 11.98 0.750020
10.99 0.010988 11.49 0.814055 11.99 0.749957
11.00 0.013128 11.50 0.813937 12.00 0.743866
11.01 0.018689 11.51 0.821276 12.01 0.734533
11.02 0.029163 11.52 0.820997 12.02 0.731074
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Table A-4 (continued)

Wavelength
(µm) C

Wavelength
(µm) C

Wavelength
(µm) C

12.03 0.730451 12.53 0.937302 13.03 0.945024
12.04 0.722635 12.54 0.953886 13.04 0.944792
12.05 0.708970 12.55 0.974576 13.05 0.941964
12.06 0.699785 12.56 0.987508 13.06 0.945179
12.07 0.695293 12.57 0.987643 13.07 0.952966
12.08 0.686018 12.58 0.987425 13.08 0.957635
12.09 0.671838 12.59 0.994191 13.09 0.955204
12.10 0.661443 12.60 0.999549 13.10 0.949419
12.11 0.655480 12.61 0.992145 13.11 0.946060
12.12 0.645937 12.62 0.976015 13.12 0.941600
12.13 0.629844 12.63 0.967222 13.13 0.928023
12.14 0.614818 12.64 0.970762 13.14 0.901526
12.15 0.606542 12.65 0.976142 13.15 0.865228
12.16 0.600001 12.66 0.974949 13.16 0.822691
12.17 0.591091 12.67 0.973701 13.17 0.770620
12.18 0.582555 12.68 0.980872 13.18 0.702625
12.19 0.578402 12.69 0.991611 13.19 0.618561
12.20 0.576725 12.70 0.991006 13.20 0.526146
12.21 0.572682 12.71 0.979810 13.21 0.436962
12.22 0.568462 12.72 0.970563 13.22 0.355539
12.23 0.569773 12.73 0.971465 13.23 0.282405
12.24 0.573974 12.74 0.973731 13.24 0.217163
12.25 0.573115 12.75 0.967147 13.25 0.163171
12.26 0.568583 12.76 0.954937 13.26 0.121814
12.27 0.568734 12.77 0.950207 13.27 0.090776
12.28 0.576485 12.78 0.954999 13.28 0.066893
12.29 0.582601 12.79 0.959023 13.29 0.048544
12.30 0.582822 12.80 0.953985 13.30 0.035263
12.31 0.584365 12.81 0.945174 13.31 0.026145
12.32 0.593394 12.82 0.943652 13.32 0.019499
12.33 0.605218 12.83 0.949313 13.33 0.013888
12.34 0.611266 12.84 0.952164 13.34 0.009122
12.35 0.613958 12.85 0.946372 13.35 0.005454
12.36 0.624829 12.86 0.940372 13.36 0.003148
12.37 0.643474 12.87 0.941482 13.37 0.002164
12.38 0.660871 12.88 0.946862 13.38 0.001908
12.39 0.671621 12.89 0.946624 13.39 0.001694
12.40 0.684086 12.90 0.940718 13.40 0.001106
12.41 0.704255 12.91 0.936569 13.41 0.000097
12.42 0.725692 12.92 0.938257 13.42 -0.000989
12.43 0.741261 12.93 0.939507 13.43 -0.001558
12.44 0.755515 12.94 0.934586 13.44 -0.001172
12.45 0.777914 12.95 0.926862 13.45 -0.000393
12.46 0.804879 12.96 0.924296 13.46 -0.000190
12.47 0.826315 12.97 0.928839 13.47 -0.000981
12.48 0.840680 12.98 0.932106 13.48 -0.002009
12.49 0.858359 12.99 0.929682 13.49 -0.002046
12.50 0.884950 13.00 0.925710 13.50 -0.000846
12.51 0.910804 13.01 0.928891 13.51 0.000130
12.52 0.926906 13.02 0.938114 13.52 -0.000427
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Table A-4 (continued)

Wavelength
(µm) C
13.53 -0.002132
13.54 -0.003475
13.55 -0.003364
13.56 -0.002184
13.57 -0.001205
13.58 -0.001231
13.59 -0.001799
13.60 -0.002197
13.61 -0.002341
13.62 -0.002575
13.63 -0.002992
13.64 -0.003254
13.65 -0.003138
13.66 -0.003012
13.67 -0.003424
13.68 -0.004068
13.69 -0.004130
13.70 0.000000
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Table A-5. Band D RSR

Wavelength
(µm) D

Wavelength
(µm) D

Wavelength
(µm) D

12.65 0.000000 13.15 0.011608 13.65 0.825943
12.66 0.000321 13.16 0.013663 13.66 0.822369
12.67 0.000065 13.17 0.016324 13.67 0.823471
12.68 -0.000102 13.18 0.019253 13.68 0.830214
12.69 -0.000022 13.19 0.022441 13.69 0.835983
12.70 0.000701 13.20 0.026484 13.70 0.835575
12.71 0.001695 13.21 0.031327 13.71 0.831450
12.72 0.002043 13.22 0.035915 13.72 0.830640
12.73 0.001273 13.23 0.039546 13.73 0.835972
12.74 0.000357 13.24 0.042962 13.74 0.842487
12.75 0.000251 13.25 0.047680 13.75 0.843340
12.76 0.000767 13.26 0.054475 13.76 0.838448
12.77 0.001201 13.27 0.062068 13.77 0.835930
12.78 0.001421 13.28 0.069414 13.78 0.840715
12.79 0.001541 13.29 0.076381 13.79 0.848519
12.80 0.001379 13.30 0.083847 13.80 0.851021
12.81 0.000950 13.31 0.093238 13.81 0.845878
12.82 0.000846 13.32 0.104331 13.82 0.839555
12.83 0.001297 13.33 0.115835 13.83 0.839879
12.84 0.001753 13.34 0.126651 13.84 0.846564
12.85 0.001440 13.35 0.137468 13.85 0.851191
12.86 0.000448 13.36 0.149714 13.86 0.846679
12.87 -0.000587 13.37 0.163611 13.87 0.835952
12.88 -0.000711 13.38 0.177109 13.88 0.829414
12.89 0.000532 13.39 0.189313 13.89 0.831378
12.90 0.002191 13.40 0.202291 13.90 0.835534
12.91 0.002872 13.41 0.219043 13.91 0.833537
12.92 0.002011 13.42 0.240142 13.92 0.824632
12.93 0.000662 13.43 0.263148 13.93 0.816336
12.94 0.000025 13.44 0.285386 13.94 0.815037
12.95 0.000216 13.45 0.308206 13.95 0.818320
12.96 0.000953 13.46 0.334879 13.96 0.817801
12.97 0.001998 13.47 0.366793 13.97 0.809081
12.98 0.002836 13.48 0.401383 13.98 0.797298
12.99 0.002972 13.49 0.435008 13.99 0.791785
13.00 0.002545 13.50 0.467787 14.00 0.795648
13.01 0.002387 13.51 0.503205 14.01 0.802283
13.02 0.002790 13.52 0.542570 14.02 0.802683
13.03 0.003333 13.53 0.582033 14.03 0.795893
13.04 0.003784 13.54 0.616869 14.04 0.790909
13.05 0.004286 13.55 0.646134 14.05 0.795067
13.06 0.004793 13.56 0.675141 14.06 0.806166
13.07 0.005073 13.57 0.707403 14.07 0.814990
13.08 0.005321 13.58 0.739074 14.08 0.815311
13.09 0.005952 13.59 0.761811 14.09 0.810644
13.10 0.006981 13.60 0.774509 14.10 0.810415
13.11 0.007912 13.61 0.784140 14.11 0.819688
13.12 0.008632 13.62 0.797612 14.12 0.833470
13.13 0.009349 13.63 0.813650 14.13 0.842518
13.14 0.010259 13.64 0.824717 14.14 0.843014
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Table A-5 (continued)

Wavelength
(µm) D

Wavelength
(µm) D

Wavelength
(µm) D

14.15 0.840858 14.65 0.937680 15.15 0.969708
14.16 0.845173 14.66 0.938662 15.16 0.969819
14.17 0.858356 14.67 0.934909 15.17 0.963125
14.18 0.873133 14.68 0.931777 15.18 0.955141
14.19 0.880467 14.69 0.934054 15.19 0.954374
14.20 0.879333 14.70 0.941420 15.20 0.961968
14.21 0.877475 14.71 0.948868 15.21 0.971870
14.22 0.882795 14.72 0.951639 15.22 0.977426
14.23 0.894376 14.73 0.949521 15.23 0.976115
14.24 0.903479 14.74 0.946595 15.24 0.970820
14.25 0.903336 14.75 0.947398 15.25 0.967411
14.26 0.896563 14.76 0.951775 15.26 0.970624
14.27 0.892826 14.77 0.955043 15.27 0.980717
14.28 0.898410 14.78 0.952860 15.28 0.991269
14.29 0.909069 14.79 0.945805 15.29 0.994139
14.30 0.914676 14.80 0.940134 15.30 0.989389
14.31 0.909611 14.81 0.940703 15.31 0.982754
14.32 0.899118 14.82 0.946059 15.32 0.980384
14.33 0.893522 14.83 0.949952 15.33 0.984758
14.34 0.897704 14.84 0.947324 15.34 0.993273
14.35 0.906330 14.85 0.938893 15.35 0.999845
14.36 0.909839 14.86 0.930284 15.36 0.998665
14.37 0.904806 14.87 0.927194 15.37 0.988891
14.38 0.896674 14.88 0.930470 15.38 0.978465
14.39 0.893786 14.89 0.935635 15.39 0.973257
14.40 0.898466 14.90 0.937213 15.40 0.973919
14.41 0.904924 14.91 0.933157 15.41 0.976870
14.42 0.906427 14.92 0.925829 15.42 0.977188
14.43 0.901816 14.93 0.921065 15.43 0.971668
14.44 0.896659 14.94 0.922655 15.44 0.961046
14.45 0.897554 14.95 0.928787 15.45 0.951551
14.46 0.905123 14.96 0.933239 15.46 0.947489
14.47 0.913402 14.97 0.932568 15.47 0.947112
14.48 0.915933 14.98 0.929792 15.48 0.946256
14.49 0.912415 14.99 0.930448 15.49 0.941508
14.50 0.908764 15.00 0.937548 15.50 0.932049
14.51 0.910846 15.01 0.948587 15.51 0.920434
14.52 0.918287 15.02 0.957504 15.52 0.912142
14.53 0.924783 15.03 0.959384 15.53 0.909890
14.54 0.924692 15.04 0.954193 15.54 0.910279
14.55 0.918753 15.05 0.947151 15.55 0.909222
14.56 0.913452 15.06 0.944931 15.56 0.904386
14.57 0.914610 15.07 0.950209 15.57 0.896062
14.58 0.921527 15.08 0.959500 15.58 0.887147
14.59 0.928042 15.09 0.964024 15.59 0.882306
14.60 0.928879 15.10 0.961187 15.60 0.883108
14.61 0.924707 15.11 0.955007 15.61 0.885847
14.62 0.921409 15.12 0.951874 15.62 0.887209
14.63 0.923881 15.13 0.955241 15.63 0.885888
14.64 0.931169 15.14 0.963108 15.64 0.882809
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Table A-5 (continued)

Wavelength
(µm) D

Wavelength
(µm) D

Wavelength
(µm) D

15.65 0.880832 16.15 0.023951 16.65 0.000380
15.66 0.884037 16.16 0.021302 16.66 0.000000
15.67 0.891459 16.17 0.018922
15.68 0.899507 16.18 0.016516
15.69 0.905404 16.19 0.013988
15.70 0.908133 16.20 0.011334
15.71 0.908775 16.21 0.009027
15.72 0.910769 16.22 0.007571
15.73 0.917233 16.23 0.006927
15.74 0.925953 16.24 0.006904
15.75 0.933744 16.25 0.007103
15.76 0.937747 16.26 0.006717
15.77 0.936421 16.27 0.005788
15.78 0.930376 16.28 0.004565
15.79 0.922821 16.29 0.003321
15.80 0.915099 16.30 0.002509
15.81 0.905498 16.31 0.002094
15.82 0.891282 16.32 0.001752
15.83 0.869708 16.33 0.001326
15.84 0.838428 16.34 0.000689
15.85 0.799751 16.35 -0.000035
15.86 0.758458 16.36 -0.000545
15.87 0.716497 16.37 -0.000772
15.88 0.674211 16.38 -0.000678
15.89 0.630478 16.39 -0.000254
15.90 0.583535 16.40 0.000418
15.91 0.533313 16.41 0.001288
15.92 0.482413 16.42 0.002296
15.93 0.432748 16.43 0.003342
15.94 0.386144 16.44 0.003928
15.95 0.344633 16.45 0.003904
15.96 0.307903 16.46 0.003293
15.97 0.274377 16.47 0.002186
15.98 0.243387 16.48 0.001143
15.99 0.214772 16.49 0.000617
16.00 0.188799 16.50 0.000547
16.01 0.166443 16.51 0.000823
16.02 0.147306 16.52 0.000898
16.03 0.130566 16.53 0.000367
16.04 0.115567 16.54 -0.000561
16.05 0.101705 16.55 -0.001688
16.06 0.088683 16.56 -0.002371
16.07 0.076368 16.57 -0.002137
16.08 0.065196 16.58 -0.001276
16.09 0.055430 16.59 0.000003
16.10 0.047219 16.60 0.001212
16.11 0.040794 16.61 0.001796
16.12 0.035547 16.62 0.001877
16.13 0.031062 16.63 0.001532
16.14 0.027221 16.64 0.000940
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Table A-6. Band E RSR

Wavelength
(µm) E

Wavelength
(µm) E

Wavelength
(µm) E

17.05 0.000000 17.55 0.005731 18.05 0.183946
17.06 0.001952 17.56 0.006073 18.06 0.204906
17.07 0.002120 17.57 0.006415 18.07 0.225867
17.08 0.002288 17.58 0.006758 18.08 0.246827
17.09 0.002455 17.59 0.007100 18.09 0.267788
17.10 0.002623 17.60 0.007442 18.10 0.288749
17.11 0.002791 17.61 0.007785 18.11 0.309709
17.12 0.002959 17.62 0.008127 18.12 0.330670
17.13 0.003126 17.63 0.008469 18.13 0.352437
17.14 0.003294 17.64 0.008278 18.14 0.375198
17.15 0.003462 17.65 0.007928 18.15 0.397958
17.16 0.003629 17.66 0.007578 18.16 0.420719
17.17 0.003711 17.67 0.007228 18.17 0.443479
17.18 0.003699 17.68 0.006877 18.18 0.466240
17.19 0.003687 17.69 0.006527 18.19 0.489000
17.20 0.003675 17.70 0.006177 18.20 0.511761
17.21 0.003662 17.71 0.005827 18.21 0.534521
17.22 0.003650 17.72 0.005476 18.22 0.557282
17.23 0.003638 17.73 0.005126 18.23 0.580042
17.24 0.003626 17.74 0.004776 18.24 0.602803
17.25 0.003614 17.75 0.004425 18.25 0.625563
17.26 0.003601 17.76 0.005355 18.26 0.629681
17.27 0.003589 17.77 0.006852 18.27 0.625185
17.28 0.003570 17.78 0.008349 18.28 0.620689
17.29 0.003349 17.79 0.009846 18.29 0.616193
17.30 0.003127 17.80 0.011343 18.30 0.611697
17.31 0.002906 17.81 0.012840 18.31 0.607201
17.32 0.002685 17.82 0.014338 18.32 0.602705
17.33 0.002464 17.83 0.015835 18.33 0.598209
17.34 0.002242 17.84 0.017332 18.34 0.593714
17.35 0.002021 17.85 0.018829 18.35 0.589218
17.36 0.001800 17.86 0.020326 18.36 0.584722
17.37 0.001579 17.87 0.021823 18.37 0.580226
17.38 0.001357 17.88 0.024665 18.38 0.575730
17.39 0.001136 17.89 0.029156 18.39 0.577537
17.40 0.001140 17.90 0.033647 18.40 0.581577
17.41 0.001434 17.91 0.038138 18.41 0.585617
17.42 0.001729 17.92 0.042629 18.42 0.589656
17.43 0.002023 17.93 0.047120 18.43 0.593696
17.44 0.002317 17.94 0.051611 18.44 0.597735
17.45 0.002611 17.95 0.056102 18.45 0.601775
17.46 0.002906 17.96 0.060593 18.46 0.605814
17.47 0.003200 17.97 0.065084 18.47 0.609854
17.48 0.003494 17.98 0.069575 18.48 0.613893
17.49 0.003788 17.99 0.074067 18.49 0.617933
17.50 0.004083 18.00 0.079143 18.50 0.621972
17.51 0.004377 18.01 0.100104 18.51 0.626012
17.52 0.004704 18.02 0.121064 18.52 0.632841
17.53 0.005046 18.03 0.142025 18.53 0.641469
17.54 0.005388 18.04 0.162985 18.54 0.650097
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Table A-6 (continued)

Wavelength
(µm) E

Wavelength
(µm) E

Wavelength
(µm) E

18.55 0.658725 19.05 0.804012 19.55 0.902691
18.56 0.667353 19.06 0.801512 19.56 0.904980
18.57 0.675981 19.07 0.801528 19.57 0.907269
18.58 0.684609 19.08 0.801545 19.58 0.909558
18.59 0.693237 19.09 0.801561 19.59 0.911847
18.60 0.701865 19.10 0.801578 19.60 0.914137
18.61 0.710493 19.11 0.801594 19.61 0.916426
18.62 0.719121 19.12 0.801611 19.62 0.918715
18.63 0.727749 19.13 0.801627 19.63 0.921004
18.64 0.736376 19.14 0.801644 19.64 0.922906
18.65 0.744552 19.15 0.801660 19.65 0.924235
18.66 0.751613 19.16 0.801677 19.66 0.925564
18.67 0.758675 19.17 0.801693 19.67 0.926893
18.68 0.765736 19.18 0.801710 19.68 0.928222
18.69 0.772798 19.19 0.801726 19.69 0.929551
18.70 0.779859 19.20 0.801850 19.70 0.930880
18.71 0.786921 19.21 0.804696 19.71 0.932209
18.72 0.793982 19.22 0.807542 19.72 0.933537
18.73 0.801044 19.23 0.810388 19.73 0.934866
18.74 0.808105 19.24 0.813234 19.74 0.936195
18.75 0.815167 19.25 0.816080 19.75 0.937524
18.76 0.822228 19.26 0.818926 19.76 0.938853
18.77 0.829290 19.27 0.821772 19.77 0.940182
18.78 0.836351 19.28 0.824618 19.78 0.941511
18.79 0.838203 19.29 0.827464 19.79 0.942322
18.80 0.838553 19.30 0.830310 19.80 0.942399
18.81 0.838903 19.31 0.833155 19.81 0.942475
18.82 0.839253 19.32 0.836001 19.82 0.942551
18.83 0.839603 19.33 0.838847 19.83 0.942628
18.84 0.839953 19.34 0.841693 19.84 0.942704
18.85 0.840303 19.35 0.844767 19.85 0.942780
18.86 0.840653 19.36 0.847934 19.86 0.942856
18.87 0.841003 19.37 0.851101 19.87 0.942933
18.88 0.841353 19.38 0.854268 19.88 0.943009
18.89 0.841703 19.39 0.857435 19.89 0.943085
18.90 0.842053 19.40 0.860601 19.90 0.943162
18.91 0.842403 19.41 0.863768 19.91 0.943238
18.92 0.842532 19.42 0.866935 19.92 0.943314
18.93 0.839569 19.43 0.870102 19.93 0.943390
18.94 0.836606 19.44 0.873269 19.94 0.943569
18.95 0.833643 19.45 0.876436 19.95 0.944174
18.96 0.830680 19.46 0.879603 19.96 0.944779
18.97 0.827717 19.47 0.882770 19.97 0.945384
18.98 0.824754 19.48 0.885936 19.98 0.945989
18.99 0.821791 19.49 0.888957 19.99 0.946594
19.00 0.818828 19.50 0.891246 20.00 0.947199
19.01 0.815865 19.51 0.893535 20.01 0.947804
19.02 0.812902 19.52 0.895824 20.02 0.948409
19.03 0.809938 19.53 0.898113 20.03 0.949014
19.04 0.806975 19.54 0.900402 20.04 0.949619
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Table A-6 (continued)

Wavelength
(µm) E

Wavelength
(µm) E

Wavelength
(µm) E

20.05 0.950224 20.55 0.883762 21.05 0.853976
20.06 0.950829 20.56 0.881296 21.06 0.856254
20.07 0.951434 20.57 0.878831 21.07 0.858532
20.08 0.952039 20.58 0.877089 21.08 0.861315
20.09 0.952644 20.59 0.875430 21.09 0.864290
20.10 0.952395 20.60 0.873771 21.10 0.867264
20.11 0.951841 20.61 0.872112 21.11 0.870239
20.12 0.951288 20.62 0.870453 21.12 0.873214
20.13 0.950734 20.63 0.868793 21.13 0.876189
20.14 0.950181 20.64 0.867134 21.14 0.879163
20.15 0.949628 20.65 0.865475 21.15 0.882138
20.16 0.949075 20.66 0.863816 21.16 0.885113
20.17 0.948521 20.67 0.862157 21.17 0.888088
20.18 0.947968 20.68 0.860497 21.18 0.891062
20.19 0.947415 20.69 0.858838 21.19 0.894037
20.20 0.946861 20.70 0.857179 21.20 0.897012
20.21 0.946308 20.71 0.855520 21.21 0.899987
20.22 0.945754 20.72 0.853861 21.22 0.902961
20.23 0.945201 20.73 0.852202 21.23 0.905936
20.24 0.944648 20.74 0.850461 21.24 0.908911
20.25 0.944052 20.75 0.848618 21.25 0.911413
20.26 0.942446 20.76 0.846775 21.26 0.913341
20.27 0.940841 20.77 0.844931 21.27 0.915270
20.28 0.939235 20.78 0.843088 21.28 0.917198
20.29 0.937629 20.79 0.841244 21.29 0.919126
20.30 0.936023 20.80 0.839401 21.30 0.921055
20.31 0.934417 20.81 0.837558 21.31 0.922983
20.32 0.932812 20.82 0.835714 21.32 0.924911
20.33 0.931206 20.83 0.833871 21.33 0.926840
20.34 0.929600 20.84 0.832027 21.34 0.928768
20.35 0.927994 20.85 0.830184 21.35 0.930697
20.36 0.926388 20.86 0.828341 21.36 0.932625
20.37 0.924783 20.87 0.826497 21.37 0.934553
20.38 0.923177 20.88 0.824654 21.38 0.936482
20.39 0.921571 20.89 0.822811 21.39 0.938410
20.40 0.919965 20.90 0.820967 21.40 0.940338
20.41 0.918277 20.91 0.822086 21.41 0.942267
20.42 0.915812 20.92 0.824364 21.42 0.944195
20.43 0.913346 20.93 0.826642 21.43 0.946077
20.44 0.910881 20.94 0.828919 21.44 0.947952
20.45 0.908416 20.95 0.831197 21.45 0.949828
20.46 0.905950 20.96 0.833475 21.46 0.951703
20.47 0.903485 20.97 0.835753 21.47 0.953579
20.48 0.901019 20.98 0.838031 21.48 0.955455
20.49 0.898554 20.99 0.840309 21.49 0.957330
20.50 0.896089 21.00 0.842587 21.50 0.959206
20.51 0.893623 21.01 0.844865 21.51 0.961081
20.52 0.891158 21.02 0.847143 21.52 0.962957
20.53 0.888692 21.03 0.849420 21.53 0.964833
20.54 0.886227 21.04 0.851698 21.54 0.966708
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Table A-6 (continued)

Wavelength
(µm) E

Wavelength
(µm) E

Wavelength
(µm) E

21.55 0.968584 22.05 0.985593 22.55 0.898875
21.56 0.970459 22.06 0.983885 22.56 0.897496
21.57 0.972335 22.07 0.982177 22.57 0.896117
21.58 0.974211 22.08 0.980468 22.58 0.894738
21.59 0.976086 22.09 0.978760 22.59 0.893359
21.60 0.977932 22.10 0.977052 22.60 0.891980
21.61 0.979105 22.11 0.975343 22.61 0.890601
21.62 0.980278 22.12 0.973635 22.62 0.889222
21.63 0.981451 22.13 0.971927 22.63 0.887843
21.64 0.982624 22.14 0.970218 22.64 0.886464
21.65 0.983796 22.15 0.968510 22.65 0.885085
21.66 0.984969 22.16 0.966447 22.66 0.883705
21.67 0.986142 22.17 0.964201 22.67 0.882326
21.68 0.987315 22.18 0.961955 22.68 0.880947
21.69 0.988488 22.19 0.959709 22.69 0.879568
21.70 0.989661 22.20 0.957463 22.70 0.878189
21.71 0.990834 22.21 0.955217 22.71 0.876810
21.72 0.992007 22.22 0.952971 22.72 0.875431
21.73 0.993180 22.23 0.950724 22.73 0.874052
21.74 0.994353 22.24 0.948478 22.74 0.872929
21.75 0.995526 22.25 0.946232 22.75 0.872260
21.76 0.996699 22.26 0.943986 22.76 0.871591
21.77 0.997872 22.27 0.941740 22.77 0.870921
21.78 0.999044 22.28 0.939494 22.78 0.870252
21.79 0.999211 22.29 0.937248 22.79 0.869583
21.80 0.999256 22.30 0.935002 22.80 0.868914
21.81 0.999301 22.31 0.932755 22.81 0.868245
21.82 0.999346 22.32 0.930509 22.82 0.867576
21.83 0.999391 22.33 0.928263 22.83 0.866906
21.84 0.999436 22.34 0.926017 22.84 0.866237
21.85 0.999481 22.35 0.924321 22.85 0.865568
21.86 0.999526 22.36 0.923055 22.86 0.864899
21.87 0.999571 22.37 0.921790 22.87 0.864230
21.88 0.999615 22.38 0.920524 22.88 0.863560
21.89 0.999660 22.39 0.919258 22.89 0.862891
21.90 0.999705 22.40 0.917992 22.90 0.862222
21.91 0.999750 22.41 0.916726 22.91 0.861553
21.92 0.999795 22.42 0.915460 22.92 0.860884
21.93 0.999840 22.43 0.914194 22.93 0.860215
21.94 0.999885 22.44 0.912928 22.94 0.859680
21.95 0.999930 22.45 0.911662 22.95 0.859569
21.96 0.999975 22.46 0.910396 22.96 0.859458
21.97 0.999260 22.47 0.909131 22.97 0.859348
21.98 0.997552 22.48 0.907865 22.98 0.859237
21.99 0.995843 22.49 0.906599 22.99 0.859126
22.00 0.994135 22.50 0.905333 23.00 0.859016
22.01 0.992427 22.51 0.904067 23.01 0.858905
22.02 0.990718 22.52 0.902801 23.02 0.858794
22.03 0.989010 22.53 0.901535 23.03 0.858684
22.04 0.987302 22.54 0.900254 23.04 0.858573
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Table A-6 (continued)

Wavelength
(µm) E

Wavelength
(µm) E

Wavelength
(µm) E

23.05 0.858462 23.55 0.797595 24.05 0.734370
23.06 0.858352 23.56 0.796239 24.06 0.732508
23.07 0.858241 23.57 0.795427 24.07 0.730646
23.08 0.858130 23.58 0.794867 24.08 0.728784
23.09 0.858020 23.59 0.794307 24.09 0.726922
23.10 0.857909 23.60 0.793747 24.10 0.725060
23.11 0.857798 23.61 0.793188 24.11 0.723198
23.12 0.857688 23.62 0.792628 24.12 0.721336
23.13 0.857577 23.63 0.792068 24.13 0.719474
23.14 0.857466 23.64 0.791508 24.14 0.717612
23.15 0.856242 23.65 0.790949 24.15 0.715750
23.16 0.854666 23.66 0.790389 24.16 0.713888
23.17 0.853091 23.67 0.789829 24.17 0.712026
23.18 0.851515 23.68 0.789269 24.18 0.710164
23.19 0.849939 23.69 0.788709 24.19 0.708302
23.20 0.848363 23.70 0.788149 24.20 0.706440
23.21 0.846787 23.71 0.787590 24.21 0.704578
23.22 0.845212 23.72 0.787030 24.22 0.702716
23.23 0.843636 23.73 0.786470 24.23 0.702476
23.24 0.842060 23.74 0.785910 24.24 0.703240
23.25 0.840484 23.75 0.785351 24.25 0.704004
23.26 0.838908 23.76 0.784791 24.26 0.704767
23.27 0.837333 23.77 0.784231 24.27 0.705531
23.28 0.835757 23.78 0.783589 24.28 0.706294
23.29 0.834181 23.79 0.781775 24.29 0.707058
23.30 0.832605 23.80 0.779961 24.30 0.707822
23.31 0.831030 23.81 0.778147 24.31 0.708586
23.32 0.829454 23.82 0.776333 24.32 0.709349
23.33 0.827878 23.83 0.774519 24.33 0.710113
23.34 0.826302 23.84 0.772705 24.34 0.710876
23.35 0.824726 23.85 0.770891 24.35 0.711640
23.36 0.823351 23.86 0.769077 24.36 0.712404
23.37 0.821996 23.87 0.767263 24.37 0.713167
23.38 0.820640 23.88 0.765450 24.38 0.713931
23.39 0.819284 23.89 0.763636 24.39 0.714695
23.40 0.817929 23.90 0.761822 24.40 0.715458
23.41 0.816573 23.91 0.760008 24.41 0.716222
23.42 0.815217 23.92 0.758194 24.42 0.716986
23.43 0.813862 23.93 0.756380 24.43 0.717749
23.44 0.812506 23.94 0.754566 24.44 0.718513
23.45 0.811151 23.95 0.752752 24.45 0.719277
23.46 0.809795 23.96 0.750938 24.46 0.717883
23.47 0.808439 23.97 0.749124 24.47 0.715827
23.48 0.807084 23.98 0.747310 24.48 0.713771
23.49 0.805728 23.99 0.745496 24.49 0.711716
23.50 0.804373 24.00 0.743680 24.50 0.709660
23.51 0.803017 24.01 0.741818 24.51 0.707604
23.52 0.801661 24.02 0.739956 24.52 0.705549
23.53 0.800306 24.03 0.738094 24.53 0.703493
23.54 0.798950 24.04 0.736232 24.54 0.701437



D R A F T

A-20

Table A-6 (continued)

Wavelength
(µm) E

Wavelength
(µm) E

Wavelength
(µm) E

24.55 0.699382 25.05 0.553530 25.55 0.360988
24.56 0.697326 25.06 0.549378 25.56 0.356841
24.57 0.695270 25.07 0.545225 25.57 0.352694
24.58 0.693215 25.08 0.541073 25.58 0.348547
24.59 0.691159 25.09 0.536920 25.59 0.344400
24.60 0.689103 25.10 0.532768 25.60 0.340253
24.61 0.687048 25.11 0.528615 25.61 0.336106
24.62 0.684992 25.12 0.524463 25.62 0.331959
24.63 0.682936 25.13 0.520310 25.63 0.327812
24.64 0.680881 25.14 0.516158 25.64 0.323665
24.65 0.678825 25.15 0.512005 25.65 0.319518
24.66 0.676769 25.16 0.507852 25.66 0.315371
24.67 0.674714 25.17 0.504031 25.67 0.311047
24.68 0.672658 25.18 0.500487 25.68 0.306652
24.69 0.670273 25.19 0.496943 25.69 0.302257
24.70 0.667529 25.20 0.493399 25.70 0.297862
24.71 0.664784 25.21 0.489855 25.71 0.293468
24.72 0.662040 25.22 0.486310 25.72 0.289073
24.73 0.659295 25.23 0.482766 25.73 0.284678
24.74 0.656551 25.24 0.479222 25.74 0.280283
24.75 0.653806 25.25 0.475678 25.75 0.275889
24.76 0.651062 25.26 0.472133 25.76 0.271494
24.77 0.648317 25.27 0.468589 25.77 0.267099
24.78 0.645573 25.28 0.465045 25.78 0.262704
24.79 0.642828 25.29 0.461501 25.79 0.258310
24.80 0.640084 25.30 0.457956 25.80 0.253915
24.81 0.637339 25.31 0.454412 25.81 0.249520
24.82 0.634595 25.32 0.450868 25.82 0.245126
24.83 0.631850 25.33 0.447324 25.83 0.240731
24.84 0.629106 25.34 0.443780 25.84 0.236336
24.85 0.626361 25.35 0.440235 25.85 0.231941
24.86 0.623616 25.36 0.436691 25.86 0.227547
24.87 0.620872 25.37 0.433147 25.87 0.223152
24.88 0.618127 25.38 0.429603 25.88 0.218757
24.89 0.615383 25.39 0.426059 25.89 0.214362
24.90 0.612638 25.40 0.422514 25.90 0.209968
24.91 0.609894 25.41 0.418970 25.91 0.205573
24.92 0.607149 25.42 0.414899 25.92 0.201279
24.93 0.603361 25.43 0.410752 25.93 0.198848
24.94 0.599208 25.44 0.406605 25.94 0.196416
24.95 0.595056 25.45 0.402458 25.95 0.193985
24.96 0.590903 25.46 0.398311 25.96 0.191554
24.97 0.586751 25.47 0.394164 25.97 0.189123
24.98 0.582598 25.48 0.390017 25.98 0.186691
24.99 0.578445 25.49 0.385870 25.99 0.184260
25.00 0.574293 25.50 0.381723 26.00 0.181829
25.01 0.570140 25.51 0.377576 26.01 0.179398
25.02 0.565988 25.52 0.373429 26.02 0.176967
25.03 0.561835 25.53 0.369282 26.03 0.174535
25.04 0.557683 25.54 0.365135 26.04 0.172104
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Table A-6 (continued)

Wavelength
(µm) E

Wavelength
(µm) E

Wavelength
(µm) E

26.05 0.169673 26.55 0.049128 27.05 -0.001291
26.06 0.167242 26.56 0.046849 27.06 -0.000595
26.07 0.164811 26.57 0.044570 27.07 0.000102
26.08 0.162379 26.58 0.042291 27.08 0.000798
26.09 0.159948 26.59 0.040012 27.09 0.001494
26.10 0.157517 26.60 0.037732 27.10 0.002190
26.11 0.155086 26.61 0.035453 27.11 0.002887
26.12 0.152655 26.62 0.033174 27.12 0.003583
26.13 0.150223 26.63 0.030895 27.13 0.004279
26.14 0.147792 26.64 0.028616 27.14 0.004975
26.15 0.145361 26.65 0.026337 27.15 0.005672
26.16 0.142930 26.66 0.024058 27.16 0.006368
26.17 0.140499 26.67 0.021779 27.17 0.007064
26.18 0.138067 26.68 0.019500 27.18 0.007760
26.19 0.135619 26.69 0.017221 27.19 0.008456
26.20 0.133168 26.70 0.014942 27.20 0.009153
26.21 0.130717 26.71 0.012663 27.21 0.009849
26.22 0.128266 26.72 0.010384 27.22 0.010545
26.23 0.125815 26.73 0.009652 27.23 0.011241
26.24 0.123364 26.74 0.009115 27.24 0.011938
26.25 0.120913 26.75 0.008579 27.25 0.012634
26.26 0.118461 26.76 0.008042 27.26 0.013330
26.27 0.116011 26.77 0.007505 27.27 0.014026
26.28 0.113559 26.78 0.006969 27.28 0.014723
26.29 0.111108 26.79 0.006432 27.29 0.014813
26.30 0.108657 26.80 0.005895 27.30 0.014552
26.31 0.106206 26.81 0.005359 27.31 0.014291
26.32 0.103755 26.82 0.004822 27.32 0.014030
26.33 0.101304 26.83 0.004286 27.33 0.013769
26.34 0.098853 26.84 0.003749 27.34 0.013509
26.35 0.096402 26.85 0.003212 27.35 0.013248
26.36 0.093951 26.86 0.002676 27.36 0.012987
26.37 0.091500 26.87 0.002139 27.37 0.012726
26.38 0.089049 26.88 0.001602 27.38 0.012465
26.39 0.086598 26.89 0.001066 27.39 0.012204
26.40 0.084147 26.90 0.000529 27.40 0.011943
26.41 0.081696 26.91 -0.000008 27.41 0.011682
26.42 0.079245 26.92 -0.000544 27.42 0.011421
26.43 0.076794 26.93 -0.001081 27.43 0.011161
26.44 0.074343 26.94 -0.001618 27.44 0.010900
26.45 0.071918 26.95 -0.002154 27.45 0.010639
26.46 0.069639 26.96 -0.002691 27.46 0.010378
26.47 0.067360 26.97 -0.003228 27.47 0.010117
26.48 0.065081 26.98 -0.003764 27.48 0.009856
26.49 0.062802 26.99 -0.004301 27.49 0.009595
26.50 0.060523 27.00 -0.004772 27.50 0.009334
26.51 0.058244 27.01 -0.004076 27.51 0.009073
26.52 0.055965 27.02 -0.003380 27.52 0.008813
26.53 0.053686 27.03 -0.002683 27.53 0.008552
26.54 0.051407 27.04 -0.001987 27.54 0.008291
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Table A-6 (continued)

Wavelength
(µm) E
27.55 0.008030
27.56 0.007769
27.57 0.007508
27.58 0.007071
27.59 0.006520
27.60 0.005969
27.61 0.005418
27.62 0.004868
27.63 0.004317
27.64 0.003766
27.65 0.003215
27.66 0.002664
27.67 0.002113
27.68 0.001563
27.69 0.001012
27.70 0.000461
27.71 -0.000090
27.72 -0.000641
27.73 -0.001192
27.74 -0.001742
27.75 -0.002293
27.76 -0.002844
27.77 -0.003395
27.78 -0.003946
27.79 -0.004497
27.80 -0.005047
27.81 -0.005598
27.82 -0.006149
27.83 -0.006700
27.84 -0.007251
27.85 -0.007802
27.86 -0.008352
27.87 -0.008903
27.88 -0.008784
27.89 -0.008636
27.90 -0.008488
27.91 -0.008340
27.92 -0.008191
27.93 -0.008043
27.94 -0.007895
27.95 -0.007747
27.96 -0.007599
27.97 -0.007451
27.98 -0.007302
27.99 -0.007154
28.00 0.000000

Reference:
“SPIRIT III Integrated Ground and On-Orbit Calibration Report in Support of CONVERT 5.2”
(SDL/97-056) March 1998 , Space Dynamics Laboratory, Logan, UT.
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APPENDIX B
SPIRIT III EFFECTIVE WAVELENGTH TABLES

The SPIRIT III RSRs shown in Appendix A can be used to derive effective wavelengths and
effective bandpasses for each band as a function of source spectral shape.  As an example, we
model the source as a blackbody and use blackbody temperature as the main parameter.  The
effective wavelength and bandpass are defined as the equivalent square band with the same
integrated power over a given source spectrum:

λe = 
( ) ( )
( ) ( ) λλλ

λλλλ

dSR

dSR

  

   

0

0

∫
∫

∞

∞

(1)

dλe = 
( ) ( )

( ) ( )[ ]λλ

λλλ

SR

dSR

 max

  
0∫
∞

(2)

where ( )λR  is the relative spectral response

( )λS  is the source spectrum

Figures B-1 and B-2 illustrate the relative weighting of the six SPIRIT III bands for source
blackbody temperatures of 250K and 6000K, respectively.  These two sample temperatures were
chosen to be representative of typical hardbody targets and of typical stars.  Table B-1 gives the
effective wavelengths and bandpasses for the six SPIRIT III bands for source blackbody
temperatures from 100 K to 10,000 K.  The source temperatures for the table were incremented
by 0.02 dex, providing 100 values on a logarithmic scale between 100 K and 10,000 K.  Notice
that the peak of the blackbody curve at a given temperature relative to the nominal RSR
bandpass weights the effective wavelength toward the blackbody peak wavelength.
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Figure B-1.  Effective Response for 250K
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Figure B-2.  Effective Response for 6000K

Table B-1.  Effective Bandpasses as Function of Source Temperature

Blackbody Effective Wavelength (λe) / Effective Bandwidth (dλe) by SPIRIT III Band
Temp. A B1 B2 C D E

100.000 λe

dλe

10.180
1.272

4.310
0.087

4.390
0.119

12.560
1.189

14.980
1.779

22.150
5.987

104.713 λe

dλe

10.150
1.336

4.310
0.088

4.380
0.122

12.540
1.223

14.960
1.825

22.080
5.992

109.648 λe

dλe

10.120
1.404

4.310
0.089

4.380
0.124

12.520
1.258

14.940
1.871

22.010
6.001

114.815 λe

dλe

10.090
1.455

4.310
0.090

4.380
0.127

12.510
1.293

14.920
1.916

21.940
6.014

120.226 λe

dλe

10.050
1.509

4.310
0.091

4.380
0.129

12.490
1.328

14.900
1.961

21.880
6.031

125.893 λe

dλe

10.020
1.565

4.310
0.092

4.380
0.132

12.470
1.363

14.880
2.000

21.820
6.049
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131.826 λe

dλe

9.980
1.623

4.310
0.093

4.380
0.134

12.450
1.397

14.870
2.026

21.770
6.071

138.038 λe

dλe

9.950
1.684

4.310
0.094

4.380
0.137

12.440
1.432

14.850
2.052

21.710
6.089

144.544 λe

dλe

9.910
1.749

4.310
0.095

4.380
0.139

12.420
1.466

14.840
2.077

21.660
6.104

151.356 λe

dλe

9.870
1.818

4.300
0.096

4.370
0.142

12.400
1.499

14.820
2.101

21.610
6.119

158.489 λe

dλe

9.830
1.891

4.300
0.097

4.370
0.144

12.380
1.533

14.810
2.125

21.560
6.130

165.959 λe

dλe

9.790
1.969

4.300
0.098

4.370
0.146

12.360
1.566

14.800
2.149

21.520
6.057

173.780 λe

dλe

9.740
2.050

4.300
0.099

4.370
0.148

12.340
1.598

14.780
2.172

21.470
5.984

181.970 λe

dλe

9.690
2.136

4.300
0.100

4.370
0.151

12.330
1.629

14.770
2.194

21.430
5.907

190.546 λe

dλe

9.640
2.226

4.300
0.100

4.370
0.153

12.310
1.646

14.760
2.216

21.390
5.836

199.526 λe

dλe

9.590
2.321

4.300
0.101

4.370
0.155

12.290
1.661

14.750
2.237

21.350
5.771

208.930 λe

dλe

9.540
2.419

4.300
0.102

4.370
0.157

12.270
1.675

14.740
2.258

21.320
5.712

218.776 λe

dλe

9.490
2.521

4.300
0.103

4.370
0.159

12.260
1.689

14.730
2.278

21.280
5.656

229.087 λe

dλe

9.440
2.616

4.300
0.103

4.370
0.161

12.240
1.702

14.720
2.297

21.250
5.606

239.883 λe

dλe

9.380
2.691

4.300
0.104

4.370
0.163

12.220
1.715

14.710
2.316

21.220
5.559

251.189 λe

dλe

9.320
2.770

4.300
0.105

4.370
0.164

12.210
1.728

14.700
2.334

21.190
5.515

263.027 λe

dλe

9.270
2.851

4.300
0.105

4.360
0.166

12.200
1.740

14.690
2.343

21.160
5.475

275.423 λe

dλe

9.210
2.934

4.300
0.105

4.360
0.168

12.180
1.753

14.690
2.345

21.130
5.438

288.403 λe

dλe

9.150
3.020

4.300
0.106

4.360
0.170

12.170
1.764

14.680
2.341

21.110
5.404

301.995 λe

dλe

9.100
3.109

4.300
0.106

4.360
0.171

12.160
1.776

14.670
2.334

21.080
5.362

316.228 λe

dλe

9.040
3.200

4.300
0.106

4.360
0.173

12.150
1.787

14.660
2.327

21.060
5.307

331.131 λe

dλe

8.990
3.293

4.300
0.106

4.360
0.174

12.140
1.797

14.660
2.320

21.040
5.256
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346.737 λe

dλe

8.940
3.388

4.300
0.106

4.360
0.176

12.130
1.807

14.650
2.314

21.020
5.209

363.078 λe

dλe

8.880
3.485

4.300
0.106

4.360
0.177

12.120
1.815

14.650
2.308

21.000
5.165

380.189 λe

dλe

8.830
3.584

4.300
0.107

4.360
0.179

12.110
1.799

14.640
2.296

20.980
5.124

398.107 λe

dλe

8.760
3.683

4.300
0.107

4.360
0.180

12.110
1.784

14.640
2.282

20.970
5.086

416.869 λe

dλe

8.710
3.783

4.300
0.107

4.360
0.181

12.100
1.770

14.630
2.269

20.950
5.050

436.516 λe

dλe

8.660
3.883

4.300
0.107

4.360
0.183

12.090
1.758

14.630
2.256

20.930
5.017

457.088 λe

dλe

8.610
3.941

4.300
0.107

4.360
0.183

12.090
1.745

14.620
2.243

20.920
4.986

478.630 λe

dλe

8.560
3.975

4.300
0.107

4.360
0.183

12.080
1.734

14.620
2.231

20.910
4.957

501.187 λe

dλe

8.510
3.945

4.300
0.107

4.360
0.183

12.080
1.724

14.620
2.220

20.890
4.930

524.807 λe

dλe

8.460
3.920

4.300
0.107

4.360
0.183

12.070
1.714

14.610
2.210

20.880
4.905

549.541 λe

dλe

8.420
3.898

4.300
0.108

4.360
0.183

12.070
1.705

14.610
2.200

20.870
4.881

575.440 λe

dλe

8.390
3.879

4.300
0.108

4.360
0.183

12.060
1.696

14.610
2.191

20.860
4.859

602.560 λe

dλe

8.350
3.828

4.300
0.108

4.360
0.183

12.060
1.688

14.600
2.183

20.850
4.839

630.957 λe

dλe

8.320
3.764

4.300
0.108

4.360
0.183

12.050
1.681

14.600
2.175

20.840
4.819

660.693 λe

dλe

8.290
3.706

4.300
0.108

4.360
0.183

12.050
1.674

14.600
2.168

20.830
4.801

691.831 λe

dλe

8.260
3.654

4.300
0.108

4.360
0.183

12.050
1.667

14.600
2.161

20.820
4.784

724.436 λe

dλe

8.230
3.606

4.300
0.108

4.360
0.183

12.040
1.661

14.590
2.154

20.820
4.768

758.578 λe

dλe

8.200
3.562

4.300
0.108

4.360
0.183

12.040
1.655

14.590
2.148

20.810
4.753

794.328 λe

dλe

8.170
3.522

4.300
0.108

4.360
0.183

12.040
1.650

14.590
2.142

20.800
4.738

831.764 λe

dλe

8.150
3.486

4.300
0.108

4.360
0.184

12.040
1.645

14.590
2.137

20.790
4.725

870.964 λe

dλe

8.130
3.452

4.300
0.109

4.360
0.184

12.030
1.640

14.590
2.132

20.790
4.712



D R A F T

B-6 IRES-B-1.00-990308

912.011 λe

dλe

8.110
3.421

4.300
0.109

4.350
0.184

12.030
1.636

14.580
2.127

20.780
4.701

954.993 λe

dλe

8.090
3.393

4.300
0.109

4.350
0.184

12.030
1.631

14.580
2.122

20.780
4.689

1000.00 λe

dλe

8.070
3.367

4.300
0.109

4.350
0.184

12.030
1.627

14.580
2.118

20.770
4.679

1047.13 λe

dλe

8.050
3.342

4.290
0.109

4.350
0.184

12.030
1.624

14.580
2.114

20.770
4.669

1096.48 λe

dλe

8.030
3.309

4.290
0.109

4.350
0.184

12.020
1.620

14.580
2.110

20.760
4.659

1148.15 λe

dλe

8.010
3.260

4.290
0.109

4.350
0.184

12.020
1.617

14.580
2.107

20.760
4.651

1202.26 λe

dλe

8.000
3.214

4.290
0.109

4.350
0.184

12.020
1.614

14.570
2.104

20.750
4.642

1258.93 λe

dλe

7.980
3.172

4.290
0.109

4.350
0.184

12.020
1.611

14.570
2.100

20.750
4.634

1318.26 λe

dλe

7.970
3.133

4.290
0.109

4.350
0.184

12.020
1.608

14.570
2.097

20.750
4.627

1380.38 λe

dλe

7.960
3.097

4.290
0.109

4.350
0.184

12.020
1.606

14.570
2.095

20.740
4.620

1445.44 λe

dλe

7.950
3.063

4.290
0.109

4.350
0.184

12.010
1.603

14.570
2.092

20.740
4.613

1513.56 λe

dλe

7.940
3.032

4.290
0.109

4.350
0.184

12.010
1.601

14.570
2.089

20.740
4.606

1584.89 λe

dλe

7.930
3.002

4.290
0.109

4.350
0.184

12.010
1.599

14.570
2.087

20.730
4.600

1659.59 λe

dλe

7.920
2.975

4.290
0.109

4.350
0.184

12.010
1.597

14.570
2.085

20.730
4.595

1737.80 λe

dλe

7.910
2.950

4.290
0.109

4.350
0.184

12.010
1.595

14.570
2.083

20.730
4.589

1819.70 λe

dλe

7.900
2.926

4.290
0.109

4.350
0.184

12.010
1.593

14.570
2.081

20.720
4.584

1905.46 λe

dλe

7.890
2.904

4.290
0.109

4.350
0.184

12.010
1.591

14.570
2.079

20.720
4.579

1995.26 λe

dλe

7.880
2.884

4.290
0.109

4.350
0.184

12.010
1.590

14.560
2.077

20.720
4.575

2089.30 λe

dλe

7.880
2.864

4.290
0.109

4.350
0.184

12.010
1.588

14.560
2.075

20.720
4.570

2187.76 λe

dλe

7.870
2.846

4.290
0.109

4.350
0.184

12.010
1.587

14.560
2.073

20.720
4.566

2290.87 λe

dλe

7.860
2.829

4.290
0.109

4.350
0.184

12.000
1.585

14.560
2.072

20.710
4.562
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2398.83 λe

dλe

7.860
2.813

4.290
0.109

4.350
0.184

12.000
1.584

14.560
2.070

20.710
4.558

2511.89 λe

dλe

7.850
2.798

4.290
0.109

4.350
0.183

12.000
1.583

14.560
2.069

20.710
4.555

2630.27 λe

dλe

7.850
2.784

4.290
0.109

4.350
0.183

12.000
1.581

14.560
2.067

20.710
4.552

2754.23 λe

dλe

7.840
2.771

4.290
0.109

4.350
0.183

12.000
1.580

14.560
2.066

20.710
4.548

2884.03 λe

dλe

7.840
2.759

4.290
0.110

4.350
0.183

12.000
1.579

14.560
2.065

20.710
4.545

3019.95 λe

dλe

7.830
2.747

4.290
0.110

4.350
0.183

12.000
1.578

14.560
2.063

20.700
4.542

3162.28 λe

dλe

7.830
2.736

4.290
0.110

4.350
0.183

12.000
1.577

14.560
2.062

20.700
4.540

3311.31 λe

dλe

7.820
2.726

4.290
0.110

4.350
0.183

12.000
1.576

14.560
2.061

20.700
4.537

3467.37 λe

dλe

7.820
2.716

4.290
0.110

4.350
0.183

12.000
1.575

14.560
2.060

20.700
4.534

3630.78 λe

dλe

7.810
2.707

4.290
0.110

4.350
0.183

12.000
1.575

14.560
2.059

20.700
4.532

3801.89 λe

dλe

7.810
2.698

4.290
0.110

4.350
0.183

12.000
1.574

14.560
2.058

20.700
4.530

3981.07 λe

dλe

7.810
2.690

4.290
0.110

4.350
0.183

12.000
1.573

14.560
2.057

20.700
4.528

4168.69 λe

dλe

7.800
2.682

4.290
0.110

4.350
0.183

12.000
1.572

14.560
2.057

20.700
4.526

4365.16 λe

dλe

7.800
2.675

4.290
0.110

4.350
0.183

12.000
1.572

14.560
2.056

20.690
4.524

4570.88 λe

dλe

7.800
2.668

4.290
0.110

4.350
0.183

12.000
1.571

14.560
2.055

20.690
4.522

4786.30 λe

dλe

7.790
2.661

4.290
0.110

4.350
0.183

12.000
1.570

14.560
2.054

20.690
4.520

5011.87 λe

dλe

7.790
2.655

4.290
0.110

4.350
0.183

12.000
1.570

14.560
2.054

20.690
4.518

5248.07 λe

dλe

7.790
2.649

4.290
0.110

4.350
0.183

12.000
1.569

14.560
2.053

20.690
4.517

5495.41 λe

dλe

7.780
2.643

4.290
0.110

4.350
0.183

12.000
1.569

14.560
2.052

20.690
4.515

5754.40 λe

dλe

7.780
2.638

4.290
0.110

4.350
0.182

12.000
1.568

14.560
2.052

20.690
4.514

6025.60 λe

dλe

7.780
2.633

4.290
0.110

4.350
0.182

12.000
1.568

14.560
2.051

20.690
4.512
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6309.57 λe

dλe

7.780
2.628

4.290
0.110

4.350
0.182

12.000
1.567

14.560
2.051

20.690
4.511

6606.94 λe

dλe

7.770
2.624

4.290
0.110

4.350
0.182

12.000
1.567

14.560
2.050

20.690
4.510

6918.31 λe

dλe

7.770
2.619

4.290
0.110

4.350
0.182

12.000
1.567

14.560
2.050

20.690
4.509

7244.36 λe

dλe

7.770
2.615

4.290
0.110

4.350
0.182

12.000
1.566

14.550
2.049

20.690
4.508

7585.78 λe

dλe

7.770
2.612

4.290
0.110

4.350
0.182

11.990
1.566

14.550
2.049

20.690
4.506

7943.28 λe

dλe

7.770
2.608

4.290
0.110

4.350
0.182

11.990
1.566

14.550
2.048

20.680
4.505

8317.64 λe

dλe

7.760
2.604

4.290
0.110

4.350
0.182

11.990
1.565

14.550
2.048

20.680
4.504

8709.64 λe

dλe

7.760
2.601

4.290
0.110

4.350
0.182

11.990
1.565

14.550
2.047

20.680
4.503

9120.11 λe

dλe

7.760
2.598

4.290
0.110

4.350
0.182

11.990
1.565

14.550
2.047

20.680
4.503

9549.93 λe

dλe

7.760
2.595

4.290
0.110

4.350
0.182

11.990
1.564

14.550
2.047

20.680
4.502

10000.0 λe

dλe

7.760
2.592

4.290
0.110

4.350
0.182

11.990
1.564

14.550
2.046

20.680
4.501
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APPENDIX C
SPIRIT III PHOTOMETRIC CONVERSIONS

The SPIRIT III RSRs shown in Appendix A can be used to derive inband photometric
conversion factors to other IR experiments of interest as a function of source spectral shape.  As
an example, we again model the source as a blackbody, and use blackbody temperature as a
typical source model parameter.  The conversion factor is defined as the ratio of the inband flux
of a given source in the “other” system to the reported SPIRIT III inband flux:

xmk →  = 
( ) ( )
( ) ( ) λλλ

λλλ

dSR

dSR

m

x

  

  

0

0

∫
∫

∞

∞

(1)

where ( )λR  is the relative spectral response

( )λS  is the source spectrum (typically a black body)
The index m stands for a band in MSX/SPIRIT III.
And x is a band in the other system, such as DIRBE, IRAS, or AFGL 4-Color.

The inband flux in another photometric system is then calculated from the reported SPIRIT III
inband flux:

xF  = mxm Fk  → (2)

The usage is to multiply the SPIRIT III-reported inband flux by the conversion factor to get
equivalent inband flux for the other instrument.  Note that the units can be either inband radiance
or inband irradiance.  In the following sections, we describe the derivation of inband photometric
transformation factors to convert MSX inband flux to appropriate bands in the IRAS, DIRBE,
and the AFGL 4-Color survey experiments for a variety of source blackbody temperatures.

C.1 SPIRIT III To IRAS

The RSRs for the four IRAS bands, as provided in the IRAS Explanatory Supplement [ref] are
shown in Figure C-1.  The overlapping bands of interest are the IRAS 12 and 25 micron bands.
Table C-1 provides tabulated RSRs for the IRAS  12 and 25 micron bands.  Table C-2 provides
conversion factors for the four overlapping MSX bands to the 12 and 25 micron IRAS bands.
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Figure C-1 IRAS Wavebands

Table C-1.   IRAS RSRs

Band λ (µm) Total RSR
7.0 0.000
7.5 0.008
8.0 0.535
8.5 0.689
9.0 0.735
9.5 0.815

10.0 0.900
10.5 0.904
11.0 0.834
11.5 0.816
12.0 0.793
12.5 0.854

12 µm Band

13.0 0.938
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13.5 0.991
14.0 1.000
14.5 0.934
15.0 0.388
15.5 0.000
16.0 0.007
16.5 0.101
17.0 0.288
17.5 0.388
18.0 0.452
18.5 0.521
19.0 0.562
19.5 0.626
20.0 0.683
20.5 0.729
21.0 0.778
21.5 0.832
22.0 0.912
22.5 0.914
23.0 0.938
23.5 0.933
24.0 0.875
24.5 0.910
25.0 1.000
25.5 0.911
26.0 0.840
26.5 0.763
27.0 0.749
27.5 0.829
28.0 0.914
28.5 0.790
29.0 0.877
29.5 0.558
30.0 0.274
30.5 0.069
31.0 0.012

25 µm Band

31.5 0.000

Table C-2 Conversion Factors:  SPIRIT III to IRAS

Blackbody
Temperature

(K)
mA Imk

µ12→ mC Imk
µ12→ mD Imk

µ12→ mE Imk
µ25→

100.00000 16.96809 3.54922 0.94848 1.75356
104.71285 14.46175 3.43565 1.00196 1.71056
109.64781 12.42179 3.33894 1.05870 1.67177
114.81535 10.74919 3.25744 1.11896 1.63675
120.22643 9.36811 3.18974 1.18296 1.60513
125.89252 8.22001 3.13461 1.25096 1.57657
131.82564 7.25940 3.09101 1.32319 1.55076
138.03847 6.45065 3.05798 1.39990 1.52743
144.54401 5.76568 3.03473 1.48131 1.50634
151.35616 5.18221 3.02051 1.56762 1.48727
158.48933 4.68246 3.01468 1.65903 1.47002
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165.95869 4.25215 3.01664 1.75570 1.45441
173.78009 3.87975 3.02585 1.85775 1.44028
181.97008 3.55589 3.04179 1.96528 1.42749
190.54607 3.27293 3.06398 2.07833 1.41591
199.52621 3.02461 3.09199 2.19692 1.40542
208.92958 2.80576 3.12535 2.32098 1.39591
218.77612 2.61210 3.16366 2.45042 1.38728
229.08684 2.44006 3.20650 2.58509 1.37946
239.88336 2.28669 3.25345 2.72477 1.37235
251.18871 2.14948 3.30413 2.86921 1.36590
263.02686 2.02633 3.35812 3.01807 1.36003
275.42291 1.91548 3.41503 3.17101 1.35469
288.40317 1.81540 3.47450 3.32761 1.34983
301.99518 1.72480 3.53612 3.48742 1.34539
316.22775 1.64260 3.59954 3.64997 1.34135
331.13110 1.56784 3.66439 3.81475 1.33765
346.73682 1.49971 3.73033 3.98124 1.33428
363.07800 1.43749 3.79703 4.14891 1.33119
380.18933 1.38058 3.86416 4.31724 1.32835
398.10709 1.32843 3.93144 4.48570 1.32575
416.86926 1.28057 3.99860 4.65377 1.32337
436.51569 1.23660 4.06536 4.82098 1.32117
457.08829 1.19613 4.13150 4.98685 1.31915
478.63016 1.15885 4.19682 5.15094 1.31729
501.18729 1.12447 4.26111 5.31285 1.31557
524.80750 1.09273 4.32422 5.47221 1.31398
549.54089 1.06339 4.38601 5.62870 1.31251
575.43994 1.03626 4.44634 5.78203 1.31115
602.55957 1.01115 4.50513 5.93193 1.30990
630.95728 0.98787 4.56229 6.07821 1.30873
660.69336 0.96630 4.61776 6.22067 1.30764
691.83081 0.94628 4.67149 6.35918 1.30663
724.43616 0.92768 4.72344 6.49362 1.30569
758.57776 0.91041 4.77360 6.62392 1.30481
794.32843 0.89434 4.82198 6.75004 1.30399
831.76392 0.87939 4.86856 6.87194 1.30323
870.96368 0.86547 4.91336 6.98962 1.30252
912.01093 0.85249 4.95641 7.10311 1.30185
954.99261 0.84040 4.99774 7.21244 1.30122

1000.00000 0.82911 5.03737 7.31766 1.30064
1047.12854 0.81857 5.07535 7.41885 1.30009
1096.47815 0.80872 5.11173 7.51608 1.29958
1148.15344 0.79952 5.14654 7.60943 1.29909
1202.26428 0.79091 5.17984 7.69901 1.29864
1258.92517 0.78285 5.21167 7.78492 1.29821
1318.25635 0.77530 5.24209 7.86725 1.29781
1380.38379 0.76823 5.27115 7.94614 1.29743
1445.43921 0.76160 5.29889 8.02166 1.29707
1513.56067 0.75537 5.32538 8.09396 1.29673
1584.89331 0.74953 5.35066 8.16313 1.29641
1659.58704 0.74404 5.37477 8.22931 1.29612
1737.80090 0.73888 5.39778 8.29258 1.29583
1819.70081 0.73403 5.41971 8.35308 1.29556



D R A F T

C-5 IRES-C-1.00-990319

1905.46057 0.72946 5.44064 8.41089 1.29531
1995.26208 0.72517 5.46059 8.46614 1.29507
2089.29688 0.72112 5.47960 8.51892 1.29484
2187.76245 0.71731 5.49774 8.56935 1.29463
2290.86841 0.71371 5.51502 8.61752 1.29443
2398.83350 0.71032 5.53149 8.66351 1.29423
2511.88696 0.70712 5.54719 8.70743 1.29405
2630.26855 0.70410 5.56216 8.74936 1.29388
2754.22900 0.70124 5.57642 8.78940 1.29372
2884.03174 0.69854 5.59002 8.82761 1.29356
3019.95190 0.69599 5.60297 8.86410 1.29341
3162.27759 0.69358 5.61532 8.89892 1.29327
3311.31104 0.69130 5.62709 8.93217 1.29314
3467.36816 0.68914 5.63831 8.96389 1.29301
3630.78003 0.68710 5.64901 8.99418 1.29289
3801.89331 0.68516 5.65920 9.02308 1.29278
3981.07080 0.68333 5.66892 9.05066 1.29267
4168.69287 0.68159 5.67818 9.07699 1.29257
4365.15674 0.67994 5.68702 9.10211 1.29247
4570.88037 0.67838 5.69544 9.12609 1.29238
4786.29883 0.67690 5.70346 9.14898 1.29229
5011.87305 0.67549 5.71111 9.17082 1.29221
5248.07471 0.67416 5.71841 9.19166 1.29213
5495.40869 0.67289 5.72537 9.21156 1.29205
5754.39941 0.67169 5.73200 9.23054 1.29198
6025.59570 0.67055 5.73833 9.24866 1.29191
6309.57275 0.66946 5.74436 9.26596 1.29184
6606.93701 0.66843 5.75011 9.28246 1.29178
6918.31201 0.66745 5.75561 9.29822 1.29172
7244.36182 0.66652 5.76084 9.31325 1.29166
7585.77783 0.66563 5.76583 9.32760 1.29161
7943.28418 0.66479 5.77060 9.34130 1.29156
8317.63965 0.66398 5.77514 9.35437 1.29151
8709.63672 0.66322 5.77947 9.36684 1.29146
9120.10938 0.66250 5.78360 9.37876 1.29142
9549.92676 0.66181 5.78755 9.39013 1.29137

10000.00000 0.66115 5.79131 9.40098 1.29134

C.2 SPIRIT III To DIRBE

The RSRs for the ten COBE/DIRBE bands, as provided in the DIRBE Explanatory Supplement
[http://www.gsfc.nasa.gov/astro/cobe/dirbe_exsup.html], are shown in Figure C-2.  The
overlapping bands of interest are DIRBE Bands 3-6.
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Figure C-2 DIRBE Wavebands

Table C-3 DIRBE RSRs

Wavelength
(µm)

Band
3

Band
4

Band
5

Band
6

2.94 0.00 0.00 0.00 0.00
2.96 0.01 0.00 0.00 0.00
2.99 0.02 0.00 0.00 0.00
3.01 0.07 0.00 0.00 0.00
3.03 0.21 0.00 0.00 0.00
3.06 0.47 0.00 0.00 0.00
3.08 0.71 0.00 0.00 0.00
3.10 0.82 0.00 0.00 0.00
3.13 0.85 0.00 0.00 0.00
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3.15 0.87 0.00 0.00 0.00
3.18 0.88 0.00 0.00 0.00
3.20 0.88 0.00 0.00 0.00
3.23 0.86 0.00 0.00 0.00
3.25 0.86 0.00 0.00 0.00
3.28 0.85 0.00 0.00 0.00
3.30 0.86 0.00 0.00 0.00
3.33 0.88 0.00 0.00 0.00
3.36 0.90 0.00 0.00 0.00
3.38 0.91 0.00 0.00 0.00
3.41 0.92 0.00 0.00 0.00
3.44 0.91 0.00 0.00 0.00
3.46 0.91 0.00 0.00 0.00
3.49 0.92 0.00 0.00 0.00
3.52 0.93 0.00 0.00 0.00
3.54 0.94 0.00 0.00 0.00
3.57 0.96 0.00 0.00 0.00
3.60 0.97 0.00 0.00 0.00
3.63 0.98 0.00 0.00 0.00
3.66 0.98 0.00 0.00 0.00
3.68 0.97 0.00 0.00 0.00
3.71 0.96 0.00 0.00 0.00
3.74 0.95 0.00 0.00 0.00
3.77 0.94 0.00 0.00 0.00
3.80 0.95 0.00 0.00 0.00
3.83 0.95 0.00 0.00 0.00
3.86 0.96 0.00 0.00 0.00
3.89 0.98 0.00 0.00 0.00
3.92 1.00 0.00 0.00 0.00
3.95 0.98 0.00 0.00 0.00
3.98 0.85 0.00 0.00 0.00
4.01 0.63 0.00 0.00 0.00
4.05 0.35 0.00 0.00 0.00
4.08 0.14 0.00 0.00 0.00
4.11 0.06 0.00 0.00 0.00
4.14 0.02 0.00 0.00 0.00
4.17 0.01 0.00 0.00 0.00
4.21 0.01 0.00 0.00 0.00
4.24 0.00 0.00 0.00 0.00
4.27 0.00 0.00 0.00 0.00
4.30 0.00 0.00 0.00 0.00
4.34 0.00 0.01 0.00 0.00
4.37 0.00 0.02 0.00 0.00
4.41 0.00 0.03 0.00 0.00
4.44 0.00 0.03 0.00 0.00
4.48 0.00 0.04 0.00 0.00
4.51 0.00 0.20 0.00 0.00
4.55 0.00 0.37 0.00 0.00
4.58 0.00 0.61 0.00 0.00
4.62 0.00 0.91 0.00 0.00
4.65 0.00 0.95 0.00 0.00
4.69 0.00 0.97 0.00 0.00
4.73 0.00 0.99 0.00 0.00
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4.76 0.00 1.00 0.00 0.00
4.80 0.00 1.00 0.00 0.00
4.84 0.00 1.00 0.00 0.00
4.88 0.00 0.99 0.00 0.00
4.91 0.00 0.98 0.00 0.00
4.95 0.00 0.97 0.00 0.00
4.99 0.00 0.95 0.00 0.00
5.03 0.00 0.93 0.00 0.00
5.07 0.00 0.91 0.00 0.00
5.11 0.00 0.88 0.00 0.00
5.15 0.00 0.85 0.00 0.00
5.19 0.00 0.80 0.00 0.00
5.23 0.00 0.57 0.00 0.00
5.27 0.00 0.27 0.00 0.00
5.31 0.00 0.04 0.00 0.00
5.35 0.00 0.00 0.00 0.00
7.60 0.00 0.00 0.00 0.00
7.66 0.00 0.00 0.01 0.00
7.72 0.00 0.00 0.01 0.00
7.78 0.00 0.00 0.02 0.00
7.84 0.00 0.00 0.03 0.00
7.90 0.00 0.00 0.03 0.00
7.96 0.00 0.00 0.04 0.00
8.02 0.00 0.00 0.15 0.00
8.09 0.00 0.00 0.21 0.00
8.15 0.00 0.00 0.25 0.00
8.21 0.00 0.00 0.29 0.00
8.28 0.00 0.00 0.32 0.00
8.34 0.00 0.00 0.35 0.00
8.41 0.00 0.00 0.38 0.00
8.47 0.00 0.00 0.41 0.00
8.54 0.00 0.00 0.45 0.00
8.60 0.00 0.00 0.50 0.00
8.67 0.00 0.00 0.54 0.00
8.74 0.00 0.00 0.59 0.00
8.81 0.00 0.00 0.63 0.00
8.88 0.00 0.00 0.68 0.00
8.95 0.00 0.00 0.71 0.00
9.02 0.00 0.00 0.72 0.00
9.09 0.00 0.00 0.71 0.00
9.16 0.00 0.00 0.71 0.00
9.23 0.00 0.00 0.72 0.00
9.30 0.00 0.00 0.72 0.00
9.37 0.00 0.00 0.73 0.00
9.45 0.00 0.00 0.73 0.00
9.52 0.00 0.00 0.73 0.00
9.59 0.00 0.00 0.70 0.00
9.67 0.00 0.00 0.67 0.00
9.75 0.00 0.00 0.65 0.00
9.82 0.00 0.00 0.61 0.00
9.90 0.00 0.00 0.57 0.00
9.98 0.00 0.00 0.53 0.00

10.05 0.00 0.00 0.53 0.00
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10.13 0.00 0.00 0.55 0.00
10.21 0.00 0.00 0.57 0.00
10.29 0.00 0.00 0.59 0.00
10.37 0.00 0.00 0.61 0.00
10.45 0.00 0.00 0.64 0.00
10.53 0.00 0.00 0.65 0.00
10.62 0.00 0.00 0.64 0.00
10.70 0.00 0.00 0.62 0.00
10.78 0.00 0.00 0.61 0.00
10.87 0.00 0.00 0.59 0.00
10.95 0.00 0.00 0.58 0.00
11.04 0.00 0.00 0.59 0.00
11.12 0.00 0.00 0.64 0.00
11.21 0.00 0.00 0.69 0.00
11.30 0.00 0.00 0.74 0.00
11.39 0.00 0.00 0.78 0.00
11.47 0.00 0.00 0.83 0.00
11.56 0.00 0.00 0.84 0.00
11.65 0.00 0.00 0.84 0.00
11.75 0.00 0.00 0.84 0.00
11.84 0.00 0.00 0.84 0.00
11.93 0.00 0.00 0.83 0.00
12.02 0.00 0.00 0.84 0.00
12.12 0.00 0.00 0.87 0.00
12.21 0.00 0.00 0.90 0.00
12.31 0.00 0.00 0.94 0.00
12.40 0.00 0.00 0.97 0.00
12.50 0.00 0.00 1.00 0.00
12.60 0.00 0.00 0.98 0.00
12.70 0.00 0.00 0.97 0.00
12.80 0.00 0.00 0.95 0.00
12.90 0.00 0.00 0.94 0.00
13.00 0.00 0.00 0.91 0.00
13.10 0.00 0.00 0.86 0.00
13.20 0.00 0.00 0.80 0.00
13.30 0.00 0.00 0.75 0.00
13.41 0.00 0.00 0.69 0.00
13.51 0.00 0.00 0.64 0.00
13.62 0.00 0.00 0.72 0.00
13.72 0.00 0.00 0.78 0.00
13.83 0.00 0.00 0.83 0.00
13.94 0.00 0.00 0.87 0.00
14.05 0.00 0.00 0.91 0.00
14.16 0.00 0.00 0.91 0.00
14.27 0.00 0.00 0.91 0.00
14.38 0.00 0.00 0.90 0.00
14.49 0.00 0.00 0.89 0.00
14.61 0.00 0.00 0.86 0.00
14.72 0.00 0.00 0.82 0.00
14.83 0.00 0.00 0.79 0.00
14.95 0.00 0.00 0.79 0.00
15.07 0.00 0.00 0.78 0.00
15.18 0.00 0.00 0.76 0.00
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15.30 0.00 0.00 0.73 0.00
15.42 0.00 0.00 0.71 0.00
15.54 0.00 0.00 0.71 0.01
15.66 0.00 0.00 0.74 0.02
15.79 0.00 0.00 0.76 0.04
15.91 0.00 0.00 0.79 0.05
16.03 0.00 0.00 0.83 0.08
16.16 0.00 0.00 0.90 0.16
16.29 0.00 0.00 0.95 0.21
16.41 0.00 0.00 0.97 0.34
16.54 0.00 0.00 0.77 0.45
16.67 0.00 0.00 0.52 0.55
16.80 0.00 0.00 0.41 0.67
16.93 0.00 0.00 0.29 0.79
17.06 0.00 0.00 0.16 0.85
17.20 0.00 0.00 0.03 0.89
17.33 0.00 0.00 0.02 0.92
17.47 0.00 0.00 0.01 0.93
17.60 0.00 0.00 0.00 0.91
17.74 0.00 0.00 0.00 0.88
17.88 0.00 0.00 0.00 0.84
18.02 0.00 0.00 0.00 0.82
18.16 0.00 0.00 0.00 0.88
18.30 0.00 0.00 0.00 0.94
18.44 0.00 0.00 0.00 1.00
18.59 0.00 0.00 0.00 0.99
18.73 0.00 0.00 0.00 0.93
18.88 0.00 0.00 0.00 0.87
19.03 0.00 0.00 0.00 0.81
19.18 0.00 0.00 0.00 0.68
19.33 0.00 0.00 0.00 0.56
19.48 0.00 0.00 0.00 0.46
19.63 0.00 0.00 0.00 0.51
19.78 0.00 0.00 0.00 0.60
19.94 0.00 0.00 0.00 0.69
20.09 0.00 0.00 0.00 0.70
20.25 0.00 0.00 0.00 0.64
20.41 0.00 0.00 0.00 0.60
20.57 0.00 0.00 0.00 0.58
20.73 0.00 0.00 0.00 0.63
20.89 0.00 0.00 0.00 0.66
21.05 0.00 0.00 0.00 0.70
21.22 0.00 0.00 0.00 0.75
21.38 0.00 0.00 0.00 0.80
21.55 0.00 0.00 0.00 0.80
21.72 0.00 0.00 0.00 0.69
21.89 0.00 0.00 0.00 0.59
22.06 0.00 0.00 0.00 0.53
22.23 0.00 0.00 0.00 0.57
22.41 0.00 0.00 0.00 0.61
22.58 0.00 0.00 0.00 0.66
22.76 0.00 0.00 0.00 0.74
22.93 0.00 0.00 0.00 0.83
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23.11 0.00 0.00 0.00 0.83
23.29 0.00 0.00 0.00 0.78
23.48 0.00 0.00 0.00 0.73
23.66 0.00 0.00 0.00 0.70
23.84 0.00 0.00 0.00 0.68
24.03 0.00 0.00 0.00 0.67
24.22 0.00 0.00 0.00 0.79
24.41 0.00 0.00 0.00 0.90
24.60 0.00 0.00 0.00 0.95
24.79 0.00 0.00 0.00 0.94
24.98 0.00 0.00 0.00 0.93
25.18 0.00 0.00 0.00 0.77
25.38 0.00 0.00 0.00 0.62
25.57 0.00 0.00 0.00 0.48
25.77 0.00 0.00 0.00 0.35
25.98 0.00 0.00 0.00 0.24
26.18 0.00 0.00 0.00 0.18
26.38 0.00 0.00 0.00 0.14
26.59 0.00 0.00 0.00 0.09
26.80 0.00 0.00 0.00 0.08
27.01 0.00 0.00 0.00 0.07
27.22 0.00 0.00 0.00 0.08
27.43 0.00 0.00 0.00 0.08
27.64 0.00 0.00 0.00 0.07
27.86 0.00 0.00 0.00 0.05
28.08 0.00 0.00 0.00 0.04
28.30 0.00 0.00 0.00 0.03
28.52 0.00 0.00 0.00 0.02
28.74 0.00 0.00 0.00 0.02
28.97 0.00 0.00 0.00 0.01
29.19 0.00 0.00 0.00 0.01
29.42 0.00 0.00 0.00 0.00

Table C-4 Inband Conversion Factors:  SPIRIT III to DIRBE

Blackbody
Temperature (K) 5DmA

k → 41 DmB
k → 42 DmB

k → 5DmC
k → 5DmD

k → 6DmE
k →

100.00000 32.20831 282.13565 108.12963 6.73702 1.80037 1.08917
104.71285 26.25741 225.87505 88.68529 6.23792 1.81920 1.09539
109.64781 21.61920 182.92891 73.48759 5.81117 1.84260 1.10226
114.81535 17.96944 149.77699 61.49035 5.44546 1.87056 1.10970
120.22643 15.07114 123.91182 51.92960 5.13156 1.90311 1.11763
125.89252 12.74945 103.52688 44.24175 4.86186 1.94027 1.12600
131.82564 10.87411 87.30568 38.00680 4.63012 1.98205 1.13471
138.03847 9.34722 74.27937 32.90886 4.43113 2.02850 1.14371
144.54401 8.09458 63.72793 28.70840 4.26054 2.07965 1.15293
151.35616 7.05946 55.11032 25.22184 4.11470 2.13549 1.16232
158.48933 6.19814 48.01700 22.30765 3.99052 2.19605 1.17181
165.95869 5.47670 42.13487 19.85568 3.88538 2.26131 1.18135
173.78009 4.86858 37.22271 17.77962 3.79705 2.33124 1.19090
181.97008 4.35291 33.09306 16.01131 3.72358 2.40578 1.20042
190.54607 3.91311 29.59924 14.49658 3.66329 2.48485 1.20985
199.52621 3.53597 26.62555 13.19209 3.61473 2.56834 1.21917
208.92958 3.21087 24.08007 12.06291 3.57660 2.65609 1.22834
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218.77612 2.92924 21.88933 11.08072 3.54777 2.74793 1.23734
229.08684 2.68412 19.99419 10.22247 3.52722 2.84366 1.24615
239.88336 2.46984 18.34679 9.46924 3.51403 2.94301 1.25473
251.18871 2.28171 16.90813 8.80545 3.50739 3.04572 1.26309
263.02686 2.11590 15.64623 8.21818 3.50654 3.15147 1.27119
275.42291 1.96919 14.53480 7.69666 3.51081 3.25994 1.27904
288.40317 1.83894 13.55203 7.23192 3.51957 3.37078 1.28662
301.99518 1.72292 12.67980 6.81638 3.53225 3.48360 1.29394
316.22775 1.61923 11.90294 6.44366 3.54832 3.59804 1.30098
331.13110 1.52631 11.20871 6.10836 3.56732 3.71369 1.30775
346.73682 1.44280 10.58639 5.80586 3.58879 3.83017 1.31425
363.07800 1.36757 10.02687 5.53224 3.61232 3.94709 1.32049
380.18933 1.29962 9.52240 5.28413 3.63756 4.06407 1.32645
398.10709 1.23811 9.06639 5.05861 3.66415 4.18073 1.33216
416.86926 1.18232 8.65317 4.85320 3.69181 4.29672 1.33762
436.51569 1.13162 8.27786 4.66571 3.72025 4.41172 1.34283
457.08829 1.08545 7.93626 4.49427 3.74922 4.52542 1.34781
478.63016 1.04334 7.62474 4.33722 3.77850 4.63752 1.35255
501.18729 1.00487 7.34012 4.19312 3.80791 4.74778 1.35707
524.80750 0.96967 7.07963 4.06073 3.83726 4.85597 1.36138
549.54089 0.93742 6.84087 3.93891 3.86641 4.96189 1.36548
575.43994 0.90782 6.62171 3.82669 3.89523 5.06536 1.36938
602.55957 0.88063 6.42028 3.72319 3.92361 5.16624 1.37310
630.95728 0.85561 6.23492 3.62765 3.95146 5.26441 1.37663
660.69336 0.83257 6.06416 3.53936 3.97870 5.35978 1.37999
691.83081 0.81133 5.90670 3.45771 4.00528 5.45229 1.38319
724.43616 0.79172 5.76136 3.38214 4.03113 5.54186 1.38622
758.57776 0.77359 5.62710 3.31216 4.05623 5.62848 1.38911
794.32843 0.75683 5.50297 3.24729 4.08055 5.71215 1.39186
831.76392 0.74130 5.38813 3.18715 4.10406 5.79286 1.39447
870.96368 0.72691 5.28182 3.13134 4.12677 5.87064 1.39695
912.01093 0.71356 5.18332 3.07953 4.14866 5.94550 1.39931
954.99261 0.70116 5.09201 3.03141 4.16973 6.01751 1.40154

1000.00000 0.68964 5.00732 2.98669 4.18999 6.08669 1.40367
1047.12854 0.67892 4.92871 2.94511 4.20946 6.15314 1.40570
1096.47815 0.66893 4.85572 2.90644 4.22814 6.21688 1.40762
1148.15344 0.65963 4.78789 2.87045 4.24605 6.27801 1.40945
1202.26428 0.65095 4.72484 2.83694 4.26322 6.33660 1.41119
1258.92517 0.64285 4.66618 2.80573 4.27965 6.39272 1.41285
1318.25635 0.63528 4.61159 2.77664 4.29538 6.44644 1.41442
1380.38379 0.62821 4.56075 2.74951 4.31042 6.49786 1.41591
1445.43921 0.62159 4.51338 2.72421 4.32480 6.54704 1.41734
1513.56067 0.61540 4.46921 2.70059 4.33855 6.59409 1.41869
1584.89331 0.60959 4.42801 2.67854 4.35167 6.63905 1.41998
1659.58704 0.60415 4.38956 2.65793 4.36421 6.68204 1.42120
1737.80090 0.59904 4.35365 2.63867 4.37618 6.72311 1.42237
1819.70081 0.59424 4.32009 2.62066 4.38760 6.76234 1.42347
1905.46057 0.58974 4.28872 2.60380 4.39850 6.79981 1.42453
1995.26208 0.58550 4.25937 2.58802 4.40890 6.83560 1.42553
2089.29688 0.58152 4.23189 2.57323 4.41882 6.86977 1.42649
2187.76245 0.57777 4.20615 2.55937 4.42829 6.90240 1.42740
2290.86841 0.57424 4.18204 2.54637 4.43731 6.93355 1.42827
2398.83350 0.57092 4.15942 2.53418 4.44592 6.96327 1.42909
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2511.88696 0.56778 4.13821 2.52273 4.45413 6.99164 1.42988
2630.26855 0.56482 4.11829 2.51198 4.46195 7.01873 1.43062
2754.22900 0.56203 4.09959 2.50187 4.46942 7.04457 1.43134
2884.03174 0.55940 4.08201 2.49237 4.47653 7.06923 1.43201
3019.95190 0.55691 4.06548 2.48343 4.48331 7.09276 1.43266
3162.27759 0.55456 4.04993 2.47502 4.48978 7.11521 1.43327
3311.31104 0.55234 4.03530 2.46710 4.49595 7.13664 1.43386
3467.36816 0.55024 4.02152 2.45963 4.50183 7.15709 1.43442
3630.78003 0.54825 4.00854 2.45260 4.50743 7.17659 1.43495
3801.89331 0.54636 3.99629 2.44596 4.51277 7.19521 1.43547
3981.07080 0.54458 3.98475 2.43971 4.51787 7.21296 1.43595
4168.69287 0.54289 3.97386 2.43380 4.52273 7.22991 1.43641
4365.15674 0.54129 3.96358 2.42822 4.52736 7.24607 1.43685
4570.88037 0.53978 3.95388 2.42295 4.53178 7.26151 1.43727
4786.29883 0.53834 3.94471 2.41798 4.53599 7.27622 1.43767
5011.87305 0.53698 3.93604 2.41327 4.54001 7.29027 1.43805
5248.07471 0.53568 3.92785 2.40882 4.54384 7.30367 1.43841
5495.40869 0.53446 3.92010 2.40461 4.54749 7.31646 1.43876
5754.39941 0.53329 3.91276 2.40062 4.55097 7.32867 1.43909
6025.59570 0.53219 3.90582 2.39685 4.55429 7.34031 1.43940
6309.57275 0.53114 3.89925 2.39327 4.55746 7.35143 1.43970
6606.93701 0.53014 3.89302 2.38989 4.56048 7.36203 1.43999
6918.31201 0.52919 3.88713 2.38668 4.56337 7.37215 1.44026
7244.36182 0.52829 3.88153 2.38364 4.56612 7.38180 1.44053
7585.77783 0.52743 3.87623 2.38075 4.56874 7.39103 1.44078
7943.28418 0.52662 3.87120 2.37801 4.57124 7.39982 1.44101
8317.63965 0.52584 3.86644 2.37542 4.57363 7.40821 1.44124
8709.63672 0.52511 3.86191 2.37295 4.57591 7.41622 1.44145
9120.10938 0.52441 3.85761 2.37062 4.57808 7.42387 1.44166
9549.92676 0.52374 3.85354 2.36839 4.58016 7.43117 1.44186

10000.00000 0.52311 3.84967 2.36628 4.58213 7.43813 1.44205

C.3 SPIRIT III To AFGL Survey

The detailed spectral shapes of the AFGL 4-Color survey bands are not available.  Table C-5
shows the AFGL 4 Color survey effective wavelengths and bandwidths for an equal intensity
(“flat”) source (ref: Price & Walker 1976).

Figure C-5 AFGL 4 Color Survey Effective Flat Source Squarebands

Band λeff (µm) dλeff (µm)
1 4.2 1.5
2 11.0 5.1
3 19.8 5.6
4 27.4 3.4

Table C-6 Inband Conversion Factors:  SPIRIT III to AFGL 4-Color

Blackbody
Temperature (K) mA Amk

µ11→ mB Amk
µ41→ mB Amk

µ42 → mC Amk
µ11→ mD Amk

µ11→ mE Amk
µ20→

100.00000 8.71734 71.70344 27.48063 1.82341 0.48728 0.75607
104.71285 7.77539 62.05991 24.36657 1.84718 0.53870 0.77812
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109.64781 6.97280 54.18996 21.76960 1.87427 0.59429 0.79967
114.81535 6.28509 47.72063 19.59151 1.90464 0.65426 0.82068
120.22643 5.69261 42.36662 17.75522 1.93827 0.71884 0.84114
125.89252 5.17947 37.90768 16.19968 1.97513 0.78823 0.86104
131.82564 4.73276 34.17260 14.87636 2.01518 0.86265 0.88035
138.03847 4.34195 31.02717 13.74633 2.05834 0.94228 0.89907
144.54401 3.99840 28.36561 12.77825 2.10454 1.02726 0.91720
151.35616 3.69501 26.10370 11.94664 2.15368 1.11774 0.93471
158.48933 3.42589 24.17411 11.23077 2.20567 1.21382 0.95161
165.95869 3.18615 22.52265 10.61360 2.26038 1.31555 0.96790
173.78009 2.97173 21.10541 10.08111 2.31768 1.42296 0.98357
181.97008 2.77921 19.88654 9.62164 2.37740 1.53602 0.99864
190.54607 2.60573 18.83669 9.22549 2.43938 1.65466 1.01310
199.52621 2.44889 17.93165 8.88455 2.50344 1.77874 1.02696
208.92958 2.30663 17.15129 8.59194 2.56937 1.90809 1.04024
218.77612 2.17724 16.47884 8.34185 2.63699 2.04248 1.05293
229.08684 2.05924 15.90024 8.12934 2.70605 2.18163 1.06506
239.88336 1.95136 15.40360 7.95019 2.77635 2.32520 1.07663
251.18871 1.85252 14.97885 7.80072 2.84765 2.47282 1.08767
263.02686 1.76179 14.61737 7.67777 2.91970 2.62405 1.09818
275.42291 1.67835 14.31179 7.57857 2.99227 2.77846 1.10819
288.40317 1.60151 14.05574 7.50071 3.06513 2.93555 1.11770
301.99518 1.53063 13.84367 7.44205 3.13804 3.09482 1.12675
316.22775 1.46519 13.67077 7.40068 3.21076 3.25575 1.13534
331.13110 1.40470 13.53282 7.37491 3.28309 3.41780 1.14349
346.73682 1.34874 13.42606 7.36321 3.35481 3.58045 1.15123
363.07800 1.29692 13.34721 7.36421 3.42571 3.74319 1.15857
380.18933 1.24891 13.29330 7.37666 3.49563 3.90549 1.16553
398.10709 1.20440 13.26171 7.39940 3.56438 4.06688 1.17213
416.86926 1.16311 13.25005 7.43140 3.63182 4.22690 1.17838
436.51569 1.12480 13.25618 7.47168 3.69781 4.38512 1.18429
457.08829 1.08922 13.27815 7.51935 3.76224 4.54114 1.18990
478.63016 1.05618 13.31417 7.57357 3.82501 4.69460 1.19521
501.18729 1.02549 13.36264 7.63356 3.88602 4.84518 1.20024
524.80750 0.99695 13.42205 7.69860 3.94523 4.99261 1.20500
549.54089 0.97043 13.49100 7.76799 4.00257 5.13663 1.20951
575.43994 0.94576 13.56826 7.84109 4.05802 5.27705 1.21378
602.55957 0.92281 13.65263 7.91731 4.11154 5.41369 1.21782
630.95728 0.90145 13.74300 7.99606 4.16314 5.54642 1.22165
660.69336 0.88156 13.83838 8.07680 4.21280 5.67514 1.22527
691.83081 0.86304 13.93783 8.15904 4.26056 5.79979 1.22871
724.43616 0.84578 14.04046 8.24230 4.30641 5.92030 1.23196
758.57776 0.82970 14.14548 8.32614 4.35040 6.03668 1.23504
794.32843 0.81470 14.25213 8.41015 4.39257 6.14894 1.23796
831.76392 0.80071 14.35976 8.49397 4.43295 6.25708 1.24072
870.96368 0.78765 14.46774 8.57723 4.47159 6.36116 1.24335
912.01093 0.77546 14.57551 8.65964 4.50853 6.46124 1.24583
954.99261 0.76407 14.68258 8.74092 4.54383 6.55739 1.24819

1000.00000 0.75342 14.78849 8.82081 4.57755 6.64969 1.25042
1047.12854 0.74347 14.89286 8.89911 4.60973 6.73822 1.25254
1096.47815 0.73416 14.99536 8.97562 4.64044 6.82311 1.25455
1148.15344 0.72545 15.09569 9.05021 4.66972 6.90443 1.25646
1202.26428 0.71728 15.19359 9.12272 4.69765 6.98231 1.25827
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1258.92517 0.70964 15.28889 9.19306 4.72427 7.05685 1.25999
1318.25635 0.70247 15.38142 9.26116 4.74962 7.12816 1.26162
1380.38379 0.69574 15.47105 9.32695 4.77379 7.19637 1.26317
1445.43921 0.68943 15.55771 9.39041 4.79680 7.26156 1.26464
1513.56067 0.68351 15.64131 9.45151 4.81872 7.32390 1.26604
1584.89331 0.67794 15.72183 9.51026 4.83959 7.38344 1.26737
1659.58704 0.67271 15.79927 9.56665 4.85947 7.44033 1.26863
1737.80090 0.66778 15.87364 9.62074 4.87839 7.49466 1.26983
1819.70081 0.66315 15.94496 9.67254 4.89640 7.54653 1.27097
1905.46057 0.65880 16.01330 9.72212 4.91356 7.59606 1.27206
1995.26208 0.65469 16.07868 9.76950 4.92988 7.64333 1.27309
2089.29688 0.65082 16.14120 9.81477 4.94543 7.68847 1.27407
2187.76245 0.64718 16.20093 9.85797 4.96023 7.73154 1.27500
2290.86841 0.64374 16.25794 9.89919 4.97432 7.77264 1.27589
2398.83350 0.64049 16.31232 9.93847 4.98773 7.81186 1.27673
2511.88696 0.63743 16.36419 9.97591 5.00050 7.84928 1.27754
2630.26855 0.63454 16.41359 10.01156 5.01266 7.88499 1.27830
2754.22900 0.63180 16.46066 10.04550 5.02423 7.91905 1.27903
2884.03174 0.62922 16.50546 10.07780 5.03526 7.95155 1.27972
3019.95190 0.62678 16.54812 10.10854 5.04575 7.98256 1.28038
3162.27759 0.62447 16.58872 10.13779 5.05575 8.01213 1.28101
3311.31104 0.62228 16.62734 10.16560 5.06527 8.04035 1.28161
3467.36816 0.62021 16.66407 10.19204 5.07433 8.06727 1.28217
3630.78003 0.61825 16.69900 10.21718 5.08298 8.09296 1.28272
3801.89331 0.61639 16.73224 10.24110 5.09120 8.11745 1.28324
3981.07080 0.61464 16.76383 10.26383 5.09904 8.14082 1.28373
4168.69287 0.61297 16.79387 10.28544 5.10650 8.16312 1.28419
4365.15674 0.61139 16.82242 10.30597 5.11362 8.18439 1.28464
4570.88037 0.60989 16.84959 10.32550 5.12040 8.20468 1.28507
4786.29883 0.60847 16.87539 10.34406 5.12686 8.22405 1.28548
5011.87305 0.60712 16.89995 10.36172 5.13302 8.24251 1.28586
5248.07471 0.60584 16.92330 10.37850 5.13888 8.26013 1.28623
5495.40869 0.60462 16.94549 10.39445 5.14447 8.27695 1.28658
5754.39941 0.60346 16.96659 10.40961 5.14980 8.29300 1.28692
6025.59570 0.60237 16.98665 10.42403 5.15488 8.30830 1.28724
6309.57275 0.60133 17.00574 10.43775 5.15973 8.32291 1.28754
6606.93701 0.60033 17.02391 10.45080 5.16434 8.33684 1.28784
6918.31201 0.59939 17.04117 10.46321 5.16875 8.35016 1.28811
7244.36182 0.59850 17.05762 10.47502 5.17295 8.36284 1.28838
7585.77783 0.59765 17.07324 10.48625 5.17695 8.37495 1.28863
7943.28418 0.59684 17.08812 10.49693 5.18077 8.38650 1.28887
8317.63965 0.59607 17.10226 10.50710 5.18441 8.39753 1.28910
8709.63672 0.59534 17.11574 10.51678 5.18788 8.40805 1.28932
9120.10938 0.59464 17.12856 10.52599 5.19119 8.41810 1.28953
9549.92676 0.59398 17.14076 10.53475 5.19435 8.42769 1.28972

10000.00000 0.59334 17.15237 10.54310 5.19737 8.43683 1.28992
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APPENDIX D
SPIRIT III COLOR CORRECTION FACTORS

The flux densities (Jy) quoted in the MSX Point Source Catalog Version 1.2 are isophotal flux densities at
the isophotal wavelengths shown in Table 1 of the Explanatory Guide. The zero magnitude flux has
been defined by integrating the α Lyr (Vega) Kurucz model spectrum of Cohen et al. (1999, see
reference in main text) over with the MSX Relative Spectral Response to find the in-band
irradiance.  The in-band irradiance is divided by the isophotal bandwidth to determine a flux
density (the isophotal Fλ or Fν). This value is the zero magnitude flux for the band.

The output of the MSX point source extractor is in-band irradiance, or

where Rν is the Relative Spectral Response of the band, and Sν is the source function of the object. We
convert the in-band irradiance (W cm-2) to flux density (in W cm-2 Hz-1) at the isophotal wavelength by
the equation:

iso

dSR
isoF

ν

ννν
ν ∆

= ∫
∞

   
)( 0

where ∆νiso is the isophotal bandwidth (expressed in frequency).

For other source functions, one must DIVIDE by the numbers in the table to recover the true flux density
at the isophotal wavelength for each band.

Table D-1: MSX Color Correction Factors for Blackbodies
(DIVIDE by these numbers)

 TEMP.      B1       B2       A        C        D        E

 10000    1.001    1.004    1.040    1.006    1.005    1.015
  5000    1.001    1.003    1.033    1.006    1.004    1.014
  4000    1.001    1.003    1.030    1.005    1.004    1.014
  3000    1.001    1.003    1.024    1.005    1.004    1.013
  2000    1.001    1.002    1.013    1.004    1.003    1.012
  1000    1.000    1.000    0.982    1.002    1.002    1.008
   900    1.000    1.000    0.976    1.001    1.001    1.007
   800    1.000    0.999    0.969    1.001    1.001    1.005
   700    1.000    0.999    0.962    1.000    1.001    1.004
   600    0.999    0.998    0.955    0.999    0.999    1.002
   500    0.999    0.997    0.952    0.997    0.998    0.999
   400    0.999    0.997    0.960    0.996    0.997    0.995
   300    1.000    0.997    1.013    0.995    0.996    0.989
   290    1.000    0.997    1.024    0.995    0.996    0.988
   280    1.000    0.997    1.037    0.995    0.996    0.988
   270    1.000    0.998    1.052    0.995    0.996    0.987
   260    1.001    0.998    1.070    0.996    0.996    0.986
   250    1.001    0.998    1.091    0.996    0.996    0.986
   240    1.001    0.999    1.116    0.997    0.996    0.985
   230    1.002    0.999    1.146    0.997    0.996    0.984

ννν dSRE    
0∫
∞

=
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   220    1.002    1.000    1.181    0.998    0.996    0.984
   210    1.003    1.001    1.224    0.999    0.997    0.983
   200    1.004    1.002    1.276    1.001    0.997    0.983
   190    1.004    1.003    1.339    1.003    0.998    0.983
   180    1.005    1.005    1.418    1.005    0.999    0.983
   170    1.007    1.007    1.517    1.008    1.001    0.983
   160    1.008    1.010    1.643    1.012    1.002    0.984
   150    1.010    1.013    1.807    1.017    1.005    0.986
   140    1.013    1.017    2.027    1.023    1.008    0.989
   130    1.016    1.023    2.329    1.032    1.013    0.993
   120    1.020    1.030    2.761    1.044    1.019    1.000
   110    1.026    1.041    3.406    1.059    1.028    1.010
   100    1.035    1.055    4.432    1.081    1.040    1.026
    95    1.042    1.065    5.186    1.096    1.048    1.037
    90    1.051    1.078    6.198    1.113    1.058    1.050
    85    1.066    1.096    7.595    1.134    1.069    1.067
    80    1.094    1.123    9.589    1.159    1.084    1.089
    75    1.157    1.173   12.553    1.192    1.102    1.117
    70    1.329    1.285   17.179    1.232    1.125    1.153
    65    1.910    1.612   24.838    1.285    1.154    1.202
    60    4.387    2.865   38.492    1.355    1.193    1.267
    55   18.157    9.250   65.208    1.449    1.245    1.359
    50  125.140   54.667  124.153    1.582    1.316    1.493
    45 1417.190  549.761  276.612    1.773    1.420    1.700
    40    ---      ---    766.547    2.072    1.576    2.028

Table D-2: MSX Color Correction Factors for Modified Blackbodies
Fν = ν Bν(TEMP); Fλ = Bλ(TEMP)/λ;

DIVIDE by these numbers

TEMP.      B1       B2       A        C        D        E

 10000    1.002    1.006    1.110    1.014    1.011    1.039
  5000    1.002    1.005    1.100    1.013    1.010    1.038
  4000    1.002    1.005    1.095    1.013    1.010    1.037
  3000    1.001    1.004    1.087    1.012    1.010    1.036
  2000    1.001    1.004    1.070    1.011    1.009    1.034
  1000    1.000    1.002    1.019    1.007    1.007    1.028
   900    1.000    1.001    1.009    1.007    1.006    1.027
   800    1.000    1.000    0.997    1.006    1.005    1.025
   700    1.000    1.000    0.983    1.004    1.004    1.023
   600    1.000    0.999    0.966    1.003    1.003    1.019
   500    0.999    0.998    0.949    1.001    1.002    1.015
   400    0.999    0.997    0.938    0.998    0.999    1.009
   300    1.000    0.997    0.958    0.995    0.996    0.999
   290    1.000    0.997    0.964    0.994    0.996    0.998
   280    1.000    0.997    0.972    0.994    0.996    0.996
   270    1.000    0.997    0.982    0.994    0.995    0.995
   260    1.000    0.997    0.994    0.994    0.995    0.993
   250    1.000    0.997    1.008    0.994    0.995    0.992
   240    1.001    0.998    1.026    0.994    0.995    0.990
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   230    1.001    0.998    1.047    0.994    0.994    0.989
   220    1.001    0.999    1.073    0.994    0.994    0.987
   210    1.002    1.000    1.105    0.994    0.994    0.985
   200    1.003    1.000    1.144    0.995    0.994    0.984
   190    1.003    1.002    1.193    0.996    0.994    0.982
   180    1.004    1.003    1.254    0.998    0.995    0.980
   170    1.005    1.005    1.332    1.000    0.996    0.979
   160    1.007    1.007    1.432    1.002    0.997    0.978
   150    1.009    1.010    1.563    1.006    0.998    0.977
   140    1.011    1.014    1.739    1.011    1.001    0.977
   130    1.014    1.020    1.982    1.018    1.004    0.979
   120    1.018    1.027    2.330    1.027    1.009    0.981
   110    1.024    1.036    2.851    1.041    1.015    0.987
   100    1.032    1.050    3.678    1.059    1.025    0.997
    95    1.038    1.059    4.286    1.072    1.032    1.004
    90    1.046    1.071    5.101    1.087    1.040    1.014
    85    1.058    1.087    6.223    1.105    1.050    1.026
    80    1.079    1.110    7.824    1.128    1.063    1.042
    75    1.125    1.149   10.198    1.157    1.079    1.064
    70    1.245    1.233   13.895    1.194    1.099    1.093
    65    1.643    1.466   20.002    1.242    1.125    1.132
    60    3.321    2.336   30.860    1.306    1.160    1.185
    55   12.614    6.719   52.046    1.393    1.207    1.261
    50   84.649   37.756   98.644    1.514    1.273    1.373
    45  953.175  375.320  218.764    1.693    1.368    1.544
    40    ---      ---    603.370    1.971    1.513    1.824

Table D-3: MSX Color Correction Factors for Modified Blackbodies
Fν = ν2 Bν(TEMP); Fλ = Bλ(TEMP)/λ 2;

DIVIDE by these numbers

TEMP.      B1       B2       A        C        D        E

 10000    1.002    1.007    1.216    1.024    1.020    1.072
  5000    1.002    1.007    1.202    1.023    1.019    1.071
  4000    1.002    1.007    1.195    1.023    1.019    1.070
  3000    1.002    1.006    1.183    1.022    1.018    1.069
  2000    1.002    1.005    1.159    1.020    1.017    1.066
  1000    1.001    1.003    1.086    1.015    1.014    1.058
   900    1.001    1.002    1.071    1.015    1.013    1.056
   800    1.000    1.002    1.052    1.014    1.012    1.054
   700    1.000    1.001    1.030    1.012    1.011    1.051
   600    1.000    1.000    1.003    1.010    1.010    1.046
   500    1.000    0.999    0.972    1.007    1.007    1.041
   400    0.999    0.997    0.940    1.002    1.004    1.032
   300    0.999    0.996    0.926    0.997    0.999    1.017
   290    0.999    0.996    0.929    0.996    0.999    1.016
   280    0.999    0.996    0.931    0.995    0.998    1.014
   270    1.000    0.997    0.936    0.995    0.998    1.012
   260    1.000    0.997    0.942    0.994    0.997    1.010
   250    1.000    0.997    0.950    0.994    0.996    1.007
   240    1.000    0.997    0.961    0.993    0.996    1.005
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   230    1.000    0.997    0.975    0.993    0.995    1.002
   220    1.001    0.998    0.992    0.992    0.995    1.000
   210    1.001    0.998    1.015    0.992    0.994    0.997
   200    1.002    0.999    1.043    0.992    0.994    0.994
   190    1.002    1.000    1.080    0.992    0.993    0.991
   180    1.003    1.001    1.126    0.993    0.993    0.987
   170    1.004    1.003    1.185    0.994    0.993    0.984
   160    1.006    1.005    1.264    0.995    0.993    0.981
   150    1.007    1.008    1.368    0.998    0.994    0.978
   140    1.009    1.012    1.508    1.001    0.995    0.975
   130    1.012    1.017    1.703    1.006    0.997    0.973
   120    1.016    1.023    1.983    1.013    1.000    0.972
   110    1.021    1.032    2.403    1.025    1.005    0.973
   100    1.029    1.045    3.071    1.040    1.013    0.978
    95    1.033    1.053    3.561    1.051    1.018    0.982
    90    1.041    1.064    4.218    1.064    1.025    0.987
    85    1.051    1.079    5.122    1.080    1.034    0.996
    80    1.067    1.099    6.408    1.101    1.044    1.007
    75    1.102    1.131    8.313    1.127    1.058    1.023
    70    1.186    1.195   11.272    1.160    1.076    1.044
    65    1.461    1.364   16.150    1.203    1.099    1.075
    60    2.601    1.971   24.798    1.261    1.131    1.118
    55    8.877    4.986   41.621    1.341    1.173    1.180
    50   57.400   26.210   78.505    1.453    1.233    1.272
    45  641.398  256.443  173.251    1.618    1.321    1.415
    40    ---      ---    475.463    1.876    1.454    1.652

Table D-4: MSX Color Correction Factors for Power Law Spectra
of the form

να or, equivalently, λβ (where β = −α −2)
DIVIDE by these numbers

alpha     A        B1      B2        C        D        E     beta

 -4.0    1.199    1.000    0.998    1.018    1.017    1.071    2.0
 -3.5    1.147    1.000    0.998    1.013    1.012    1.053    1.5
 -3.0    1.103    1.000    0.998    1.009    1.009    1.037    1.0
 -2.5    1.067    1.000    0.999    1.006    1.006    1.024    0.5
 -2.0    1.038    1.000    0.999    1.003    1.003    1.014    0.0
 -1.5    1.016    1.000    1.000    1.001    1.001    1.006   -0.5
 -1.0    1.000    1.000    1.000    1.000    1.000    1.000   -1.0
 -0.5    0.991    1.000    1.001    0.999    0.999    0.997   -1.5
  0.0    0.988    1.000    1.001    1.000    0.999    0.996   -2.0
  0.5    0.993    1.001    1.002    1.000    1.000    0.998   -2.5
  1.0    1.003    1.001    1.002    1.002    1.001    1.001   -3.0
  1.5    1.021    1.001    1.003    1.004    1.003    1.008   -3.5
  2.0    1.046    1.001    1.004    1.007    1.005    1.016   -4.0
  2.5    1.079    1.002    1.005    1.010    1.008    1.027   -4.5
  3.0    1.120    1.002    1.006    1.014    1.011    1.040   -5.0
  3.5    1.170    1.002    1.007    1.019    1.015    1.056   -5.5
  4.0    1.229    1.003    1.008    1.025    1.020    1.074   -6.0


