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4 Wkh gdwd iru 58<3 p2v K2 lqflghqw xsrq wkh vrodu sdqho1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46
5 Wkh gdwd iru 58<3 p2v K2 lqflghqw xsrq VlR20frdwhg Ndswrq1 1 1 1 1 1 1 1 1 1 1 1 1 1 47
6 Wkh gdwd iru 58<3 p2v K2 lqflghqw xsrq Ndswrq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48
7 Wkh gdwd iru 58<3 p2v K2 lqflghqw xsrq ]0<60frdwhg doxplqxp1 1 1 1 1 1 1 1 1 1 1 1 49
8 Wkh gdwd iru 4;:3 p2v Q2 lqflghqw xsrq wkh vrodu sdqho1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:
9 Wkh gdwd iru 4;:3 p2v Q2 lqflghqw xsrq VlR20frdwhg Ndswrq1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;
: Wkh gdwd iru 4;:3 p2v Q2 lqflghqw xsrq Ndswrq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<
; Wkh gdwd iru 4;:3 p2v Q2 lqflghqw xsrq ]0<60frdwhg doxplqxp1 1 1 1 1 1 1 1 1 1 1 1 53
< Wkh gdwd iru 4;:3 p2v FR lqflghqw xsrq wkh vrodu sdqho1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54
43 Wkh gdwd iru 4;:3 p2v FR lqflghqw xsrq VlR20frdwhg Ndswrq1 1 1 1 1 1 1 1 1 1 1 1 1 55
44 Wkh gdwd iru 4;:3 p2v FR lqflghqw xsrq Ndswrq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56
45 Wkh gdwd iru 4;:3 p2v FR lqflghqw xsrq ]0<60frdwhg doxplqxp1 1 1 1 1 1 1 1 1 1 1 1 57
46 Wkh gdwd iru 49:3 p2v FR2 lqflghqw xsrq wkh vrodu sdqho1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58
47 Wkh gdwd iru 49:3 p2v FR2 lqflghqw xsrq VlR20frdwhg Ndswrq1 1 1 1 1 1 1 1 1 1 1 1 1 59
48 Wkh gdwd iru 49:3 p2v FR2 lqflghqw xsrq Ndswrq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5:
49 Wkh gdwd iru 49:3 p2v FR2 lqflghqw xsrq ]0<60frdwhg doxplqxp1 1 1 1 1 1 1 1 1 1 1 5;
4: Wkh gdwd iru 7953 p2v K2 lqflghqw xsrq wkh vrodu sdqho1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<
4; Wkh gdwd iru 7953 p2v K2 lqflghqw xsrq VlR20frdwhg Ndswrq1 1 1 1 1 1 1 1 1 1 1 1 1 1 63
4< Wkh gdwd iru 7953 p2v K2 lqflghqw xsrq Ndswrq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64
53 Wkh gdwd iru 7953 p2v K2 lqflghqw xsrq ]0<60frdwhg doxplqxp1 1 1 1 1 1 1 1 1 1 1 1 65
54 Wkh gdwd iru 64;3 p2v Q2 lqflghqw xsrq wkh vrodu sdqho1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 66
55 Wkh gdwd iru 64;3 p2v Q2 lqflghqw xsrq VlR20frdwhg Ndswrq1 1 1 1 1 1 1 1 1 1 1 1 1 1 67
56 Wkh gdwd iru 64;3 p2v Q2 lqflghqw xsrq Ndswrq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68
57 Wkh gdwd iru 64;3 p2v Q2 lqflghqw xsrq ]0<60frdwhg doxplqxp1 1 1 1 1 1 1 1 1 1 1 1 69
58 Wkh gdwd iru 6533 p2v FR lqflghqw xsrq wkh vrodu sdqho1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6:
59 Wkh gdwd iru 6533 p2v FR lqflghqw xsrq VlR20frdwhg Ndswrq1 1 1 1 1 1 1 1 1 1 1 1 1 6;
5: Wkh gdwd iru 6533 p2v FR lqflghqw xsrq Ndswrq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6<
5; Wkh gdwd iru 6533 p2v FR lqflghqw xsrq ]0<60frdwhg doxplqxp1 1 1 1 1 1 1 1 1 1 1 1 73
5< Wkh gdwd iru 5;73 p2v FR2 lqflghqw xsrq wkh vrodu sdqho1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74
63 Wkh gdwd iru 5;73 p2v FR2 lqflghqw xsrq VlR20frdwhg Ndswrq1 1 1 1 1 1 1 1 1 1 1 1 1 75
64 Wkh gdwd iru 5;73 p2v FR2 lqflghqw xsrq Ndswrq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76
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65 Wkh gdwd iru 5;73 p2v FR2 lqflghqw xsrq ]0<60frdwhg doxplqxp1 1 1 1 1 1 1 1 1 1 1 77
66 Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 58<3 p2v K2 lqflghqw xsrq wkh vrodu sdqho1 1 78
67 Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 58<3 p2v K2 lqflghqw xsrq VlR20frdwhg Ndswrq1 79
68 Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 58<3 p2v K2 lqflghqw xsrq Ndswrq1 1 1 1 1 1 7:
69 Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 58<3 p2v K2 lqflghqw xsrq ]0<60frdwhg dox0

plqxp1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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;
6: Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 4;:3 p2v Q2 lqflghqw xsrq wkh vrodu sdqho1 1 7<
6; Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 4;:3 p2v Q2 lqflghqw xsrq VlR20frdwhg Ndswrq1 83
6< Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 4;:3 p2v Q2 lqflghqw xsrq Ndswrq1 1 1 1 1 1 84
73 Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 4;:3 p2v Q2 lqflghqw xsrq ]0<60frdwhg dox0

plqxp1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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
74 Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 4;:3 p2v FR lqflghqw xsrq wkh vrodu sdqho1 1 86
75 Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 4;:3 p2v FR lqflghqw xsrq VlR20frdwhg Ndswrq1 87
76 Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 4;:3 p2v FR lqflghqw xsrq Ndswrq1 1 1 1 1 1 88
77 Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 4;:3 p2v FR lqflghqw xsrq ]0<60frdwhg dox0

plqxp1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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
78 Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 49:3 p2v FR2 lqflghqw xsrq wkh vrodu sdqho1 8:
79 Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 49:3 p2v FR2 lqflghqw xsrq VlR20frdwhg

Ndswrq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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;
7: Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 49:3 p2v FR2 lqflghqw xsrq Ndswrq1 1 1 1 1 1 8<
7; Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 49:3 p2v FR2 lqflghqw xsrq ]0<60frdwhg

doxplqxp1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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
7< Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 7953 p2v K2 lqflghqw xsrq wkh vrodu sdqho1 1 94
83 Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 7953 p2v K2 lqflghqw xsrq VlR20frdwhg Ndswrq1 95
84 Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 7953 p2v K2 lqflghqw xsrq Ndswrq1 1 1 1 1 1 96
85 Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 7953 p2v K2 lqflghqw xsrq ]0<60frdwhg dox0

plqxp1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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
86 Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 64;3 p2v Q2 lqflghqw xsrq wkh vrodu sdqho1 1 98
87 Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 64;3 p2v Q2 lqflghqw xsrq VlR20frdwhg Ndswrq1 99
88 Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 64;3 p2v Q2 lqflghqw xsrq Ndswrq1 1 1 1 1 1 9:
89 Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 64;3 p2v Q2 lqflghqw xsrq ]0<60frdwhg dox0

plqxp1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9;
8: Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 6533 p2v FR lqflghqw xsrq wkh vrodu sdqho1 1 9<
8; Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 6533 p2v FR lqflghqw xsrq VlR20frdwhg Ndswrq1 :3
8< Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 6533 p2v FR lqflghqw xsrq Ndswrq1 1 1 1 1 1 :4
93 Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 6533 p2v FR lqflghqw xsrq ]0<60frdwhg dox0

plqxp1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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
94 Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 5;73 p2v FR2 lqflghqw xsrq wkh vrodu sdqho1 :6
95 Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 5;73 p2v FR2 lqflghqw xsrq VlR20frdwhg

Ndswrq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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
96 Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 5;73 p2v FR2 lqflghqw xsrq Ndswrq1 1 1 1 1 1 :8
97 Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 5;73 p2v FR2 lqflghqw ]0<60frdwhg doxplqxp1 :9
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5 58<3 p2v K2 lqflghqw xsrq VlR20frdwhg Ndswrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47

5



6 58<3 p2v K2 lqflghqw xsrq Ndswrq 1 1 1 1 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
7 58<3 p2v K2 lqflghqw xsrq ]0<60frdwhg doxplqxp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49
8 4;:3 p2v Q2 lqflghqw xsrq wkh vrodu sdqho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:
9 4;:3 p2v Q2 lqflghqw xsrq VlR20frdwhg Ndswrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;
: 4;:3 p2v Q2 lqflghqw xsrq Ndswrq 1 1 1 1 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<
; 4;:3 p2v Q2 lqflghqw xsrq ]0<60frdwhg doxplqxp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53
< 4;:3 p2v FR lqflghqw xsrq wkh vrodu sdqho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54
43 4;:3 p2v FR lqflghqw xsrq VlR20frdwhg Ndswrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 55
44 4;:3 p2v FR lqflghqw xsrq Ndswrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56
45 4;:3 p2v FR lqflghqw xsrq ]0<60frdwhg doxplqxp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57
46 49:3 p2v FR2 lqflghqw xsrq wkh vrodu sdqho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58
47 49:3 p2v FR2 lqflghqw xsrq VlR20frdwhg Ndswrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59
48 49:3 p2v FR2 lqflghqw xsrq Ndswrq 1 1 1 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:
49 49:3 p2v FR2 lqflghqw xsrq ]0<60frdwhg doxplqxp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5;
4: 7953 p2v K2 lqflghqw xsrq wkh vrodu sdqho 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<
4; 7953 p2v K2 lqflghqw xsrq VlR20frdwhg Ndswrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63
4< 7953 p2v K2 lqflghqw xsrq Ndswrq 1 1 1 1 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
53 7953 p2v K2 lqflghqw xsrq ]0<60frdwhg doxplqxp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 65
54 64;3 p2v Q2 lqflghqw xsrq wkh vrodu sdqho 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
55 64;3 p2v Q2 lqflghqw xsrq VlR20frdwhg Ndswrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67
56 64;3 p2v Q2 lqflghqw xsrq Ndswrq 1 1 1 1 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
57 64;3 p2v Q2 lqflghqw xsrq ]0<60frdwhg doxplqxp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69
58 6533 p2v FR lqflghqw xsrq wkh vrodu sdqho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6:
59 6533 p2v FR lqflghqw xsrq VlR20frdwhg Ndswrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6;
5: 6533 p2v FR lqflghqw xsrq Ndswrq 1 1 1 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<
5; 6533 p2v FR lqflghqw xsrq ]0<60frdwhg doxplqxp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 73
5< 5;73 p2v FR2 lqflghqw xsrq wkh vrodu sdqho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74
63 5;73 p2v FR2 lqflghqw xsrq VlR20frdwhg Ndswrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75
64 5;73 p2v FR2 lqflghqw xsrq Ndswrq 1 1 1 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
65 5;73 p2v FR2 lqflghqw xsrq ]0<60frdwhg doxplqxp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 77
66 Wkh Qrflood prgho sdudphwhuv iru 58<3 p2v K2 lqflghqw xsrq wkh vrodu sdqho1 1 1 1 1 78
67 Wkh Qrflood prgho sdudphwhuv iru 58<3 p2v K2 lqflghqw xsrq VlR20frdwhg Ndswrq1 1 79
68 Wkh Qrflood prgho sdudphwhuv iru 58<3 p2v K2 lqflghqw xsrq Ndswrq1 1 1 1 1 1 1 1 1 7:
69 Wkh Qrflood prgho sdudphwhuv iru 58<3 p2v K2 lqflghqw xsrq ]0<60frdwhg doxplqxp 7;
6: Wkh Qrflood prgho sdudphwhuv iru 4;:3 p2v Q2 lqflghqw xsrq wkh vrodu sdqho1 1 1 1 1 7<
6; Wkh Qrflood prgho sdudphwhuv iru 4;:3 p2v Q2 lqflghqw xsrq VlR20frdwhg Ndswrq1 1 83
6< Wkh Qrflood prgho sdudphwhuv iru 4;:3 p2v Q2 lqflghqw xsrq Ndswrq1 1 1 1 1 1 1 1 1 84
73 Wkh Qrflood prgho sdudphwhuv iru 4;:3 p2v Q2 lqflghqw xsrq ]0<60frdwhg doxplqxp1 85
74 Wkh Qrflood prgho sdudphwhuv iru 4;:3 p2v FR lqflghqw xsrq wkh vrodu sdqho1 1 1 1 86
75 Wkh Qrflood prgho sdudphwhuv iru 4;:3 p2v FR lqflghqw xsrq VlR20frdwhg Ndswrq1 87
76 Wkh Qrflood prgho sdudphwhuv iru 4;:3 p2v FR lqflghqw xsrq Ndswrq1 1 1 1 1 1 1 1 88
77 Wkh Qrflood prgho sdudphwhuv iru 4;:3 p2v FR lqflghqw xsrq ]0<60frdwhg doxplqxp1 89
78 Wkh Qrflood prgho sdudphwhuv iru 49:3 p2v FR2 lqflghqw xsrq wkh vrodu sdqho1 1 1 1 8:
79 Wkh Qrflood prgho sdudphwhuv iru 49:3 p2v FR2 lqflghqw xsrq VlR20frdwhg Ndswrq1 8;
7: Wkh Qrflood prgho sdudphwhuv iru 49:3 p2v FR2 lqflghqw xsrq Ndswrq1 1 1 1 1 1 1 1 8<
7; Wkh Qrflood prgho sdudphwhuv iru 49:3 p2v FR2 lqflghqw xsrq ]0<60frdwhg doxplqxp1 93
7< Wkh Qrflood prgho sdudphwhuv iru 7953 p2v K2 lqflghqw xsrq wkh vrodu sdqho1 1 1 1 1 94
83 Wkh Qrflood prgho sdudphwhuv iru 7953 p2v K2 lqflghqw xsrq VlR20frdwhg Ndswrq1 1 95
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84 Wkh Qrflood prgho sdudphwhuv iru 7953 p2v K2 lqflghqw xsrq Ndswrq1 1 1 1 1 1 1 1 1 96
85 Wkh Qrflood prgho sdudphwhuv iru 7953 p2v K2 lqflghqw xsrq ]0<60frdwhg doxplqxp1 97
86 Wkh Qrflood prgho sdudphwhuv iru 64;3 p2v Q2 lqflghqw xsrq wkh vrodu sdqho1 1 1 1 1 98
87 Wkh Qrflood prgho sdudphwhuv iru 64;3 p2v Q2 lqflghqw xsrq VlR20frdwhg Ndswrq1 1 99
88 Wkh Qrflood prgho sdudphwhuv iru 64;3 p2v Q2 lqflghqw xsrq Ndswrq1 1 1 1 1 1 1 1 1 9:
89 Wkh Qrflood prgho sdudphwhuv iru 64;3 p2v Q2 lqflghqw xsrq ]0<60frdwhg doxplqxp1 9;
8: Wkh Qrflood prgho sdudphwhuv iru 6533 p2v FR lqflghqw xsrq wkh vrodu sdqho1 1 1 1 9<
8; Wkh Qrflood prgho sdudphwhuv iru 6533 p2v FR lqflghqw xsrq VlR20frdwhg Ndswrq1 :3
8< Wkh Qrflood prgho sdudphwhuv iru 6533 p2v FR lqflghqw xsrq Ndswrq1 1 1 1 1 1 1 1 :4
93 Wkh Qrflood prgho sdudphwhuv iru 6533 p2v FR lqflghqw xsrq ]0<60frdwhg doxplqxp1 :5
94 Wkh Qrflood prgho sdudphwhuv iru 5;73 p2v FR2 lqflghqw xsrq wkh vrodu sdqho1 1 1 1 :6
95 Wkh Qrflood prgho sdudphwhuv iru 5;73 p2v FR2 lqflghqw xsrq VlR20frdwhg Ndswrq1 :7
96 Wkh Qrflood prgho sdudphwhuv iru 5;73 p2v FR2 lqflghqw xsrq Ndswrq1 1 1 1 1 1 1 1 :8
97 Wkh Qrflood prgho sdudphwhuv iru 5;73 p2v FR2 lqflghqw xsrq ]0<60frdwhg doxplqxp1 :9
98 Frpsdulvrq ri wkh Uhgxfhg Irufh Frh�flhqw phdvxuhphqwv iru 4;:3 p2v Q2 lqflghqw

xsrq wkh vrodu sdqho pdgh zlwk wkh fduulhu jdvhv K2 dqg Kh1 1 1 1 1 1 1 1 1 1 1 1 1 1 ::
99 Frpsdulvrq ri wkh Uhgxfhg Irufh Frh�flhqw phdvxuhphqwv iru 4;:3 p2v FR lqfl0

ghqw xsrq wkh vrodu sdqho pdgh zlwk wkh fduulhu jdvhv K2 dqg Kh1 1 1 1 1 1 1 1 1 1 1 ::
9: Frpsdulvrq ri wkh Uhgxfhg Irufh Frh�flhqw phdvxuhphqwv iru 49:3 p2v FR2 lqfl0

ghqw xsrq wkh vrodu sdqho pdgh zlwk wkh fduulhu jdvhv K2 dqg Kh1 1 1 1 1 1 1 1 1 1 1 ::
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Phdvxuhphqwv ri prphqwxp wudqvihu frh�flhqwv zhuh pdgh iru jdv0vxuidfh lqwhudfwlrqv ehwzhhq
wkh Vsdfh Vkxwwoh uhdfwlrq frqwuro mhw soxph jdvhv dqg wkh vrodu sdqho duud| pdwhuldov wr eh xvhg
rq wkh Lqwhuqdwlrqdo Vsdfh Vwdwlrq1 Dfwxdo frqglwlrqv zhuh vlpxodwhg xvlqj d vxshuvrqlf qr}}oh
vrxufh wr surgxfh ehdpv ri wkh jdvhv zlwk dssur{lpdwho| wkh vdph dyhudjh yhorflwlhv dv wkh jdvhv
kdyh lq wkh Vkxwwoh soxphv1 Vdpsohv ri wkh dfwxdo vrodu sdqho pdwhuldov zhuh prxqwhg rq d
wruvlrq edodqfh wkdw zdv xvhg wr phdvxuh wkh irufh h{huwhg rq wkh vxuidfhv e| wkh prohfxodu
ehdpv1 Phdvxuhphqwv zhuh pdgh zlwk K2/ Q2/ FR/ dqg FR2 lqflghqw xsrq wkh vrodu duud|
pdwhuldo/ Ndswrq/ VlR20frdwhg Ndswrq/ dqg ]0<60frdwhg Do1 Wkh phdvxuhphqwv vkrzhg wkdw
prohfxohv vfdwwhu iurp wkh vxuidfhv pruh vshfxoduo| dv wkh dqjoh ri lqflghqfh lqfuhdvhv dqg wkdw
wkh vfdwwhulqj ehkdylru kdv d vwurqj ghshqghqfh xsrq erwk wkh lqflghqw jdv dqg yhorflw|1 Wkhvh
uhvxowv vkrz wkdw iru vrph whfkqlfdo vxuidfhv wkh vlpsoh dvvxpswlrq ri gl�xvh vfdwwhulqj zlwk
frpsohwh wkhupdo dffrpprgdwlrq lv hqwluho| lqdghtxdwh1 Lw lv fohdu wkdw dgglwlrqdo phdvxuhphqwv
duh uhtxluhg wr surgxfh prghov wkdw pruh dffxudwho| ghvfuleh wkh jdv0vxuidfh lqwhudfwlrqv
hqfrxqwhuhg lq uduh�hg �rz uhjlphv1

� �@U!}hL�?_

Wklv surmhfw zdv prwlydwhg e| wkh qhhg wr dffxudwho| prgho wkh irufhv h{huwhg rq wkh odujh vrodu
sdqho duud|v wr eh xvhg rq wkh Lqwhuqdwlrqdo Vsdfh Vwdwlrq e| jdvhv hplwwhg iurp wkh uhdfwlrq
frqwuro mhwv rq wkh Vsdfh Vkxwwoh1 Wklv h�ruw kdv ehhq rqh ri wkh odujhvw hyhu xqghuwdnhq wr
phdvxuh dqg fkdudfwhul}h prphqwxp wudqvihuuhg wr vxuidfhv e| lqflghqw jdvhv1 Wkh h{shulphqwdo
h�ruw kdv uhvxowhg lq wkh prvw frpsuhkhqvlyh dqg dffxudwh phdvxuhphqwv hyhu pdgh lq wklv �hog1
Xvlqj wklv gdwd lw lv qrz srvvleoh wr frqvwuxfw d olplwhg qxpehu ri dffxudwh hpslulfdo prghov ri
irufhv h{huwhg rq vsdfhfudiw vxuidfhv e| lqflghqw jdvhv lq uduh�hg �rz uhjlphv1 Wkh kljk dffxudf|
ri wkhvh phdvxuhphqwv dovr pdnhv lw srvvleoh wr rewdlq dq xqghuvwdqglqj ri ixqgdphqwdo
plfurvfrslf jdv0vxuidfh lqwhudfwlrq surshuwlhv1 Wkh uhvxowv ri wkhvh h{shulphqwv vkrz wkdw/ hyhq
iurp whfkqlfdo vxuidfhv/ prohfxohv vfdwwhu pruh vshfxoduo| dv wkh dqjoh ri lqflghqfh lqfuhdvhv/ dqg
wkdw wkh vfdwwhulqj kdv d vwurqj ghshqghqfh xsrq erwk wkh lqflghqw jdv dqg yhorflw|1

Wkhruhwlfdo dgydqfhv zhuh pdgh lq dgglwlrq wr wkh h{shulphqwdo frqwulexwlrqv1 Wudglwlrqdoo|/ wkh
prphqwxp dffrpprgdwlrq frh�flhqwv kdyh ehhq xvhg wr dqdo|}h wkh prphqwxp wudqvihuuhg wr
vxuidfhv e| lqflghqw jdvhv lq uduh�hg �rz uhjlphv1 Krzhyhu/ wkh prphqwxp dffrpprgdwlrq
frh�flhqwv frqwdlq vlqjxodulwlhv wkdw uhqghu wkhp xqxvdeoh iru d odujh qxpehu ri jdv0vxuidfh
lqwhudfwlrqv/ lqfoxglqj wkrvh wkdw duh ri vshfl�f lqwhuhvw wr QDVD xqghu lqyhvwljdwlrq dw ODQO1
Wkhuhiruh/ d qhz irupdolvp zdv ghyhorshg edvhg xsrq wzr prphqwxp wudqvihu sdudphwhuv fdoohg
wkh uhgxfhg irufh frh�flhqwv1 Zh kdyh vkrzq wkdw wkh pdfurvfrslf dyhudjh prphqwxp
wudqvihuuhg wr d vxuidfh e| lqflghqw prohfxohv lq uduh�hg �rz uhjlphv fdq eh frpsohwho|
fkdudfwhul}hg xvlqj wkh uhgxfhg irufh frh�flhqwv1 Wkhvh frh�flhqwv fdq dovr eh xvhg wr
ghwhuplqhg wkh pdjqlwxgh dqg gluhfwlrq ri wkh �x{0zhljkwhg dyhudjh yhorflw| ri wkh vfdwwhuhg
prohfxohv1

Lq wkh sdvw/ d nqrzohgjh ri wkh hqhuj| dffrpprgdwlrq frh�flhqw zdv uhtxluhg wr ghwhuplqh wkh
�x{0zhljkwhg dyhudjh wudqvodwlrqdo hqhuj| ri wkh vfdwwhuhg prohfxohv1 Dffxudwh phdvxuhphqwv ri
hqhuj| dffrpprgdwlrq frh�flhqwv duh gl�fxow/ krzhyhu/ dqg zrxog lqwurgxfh dq dgglwlrqdo
vrxufh ri xqfhuwdlqw|1 D irupxod zdv ghulyhg xvlqj wkh uhgxfhg irufh frh�flhqwv wkdw dffxudwho|
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dssur{lpdwhv wkh �x{0zhljkwhg dyhudjh wudqvodwlrqdo hqhuj| ri wkh vfdwwhuhg prohfxohv/ wkhuhe|
holplqdwlqj wkh qhhg wr phdvxuh hqhuj| dffrpprgdwlrq frh�flhqwv1 Wklv euhdnwkurxjk pdnhv lw
srvvleoh wr xqltxho| ghwhuplqh wkh dgmxvwdeoh sdudphwhuv lq wkh Qrflood jdv0vxuidfh lqwhudfwlrq
prgho vroho| iurp phdvxuhphqwv ri wkh prphqwxp wudqvihuuhg wr vxuidfhv e| lqflghqw jdvhv1

Wklv surmhfw wr gdwh kdv uhvxowhg lq rqh Sk1G1 glvvhuwdwlrq dqg vl{ uhihuhhg sxeolfdwlrqv
^4/ 5/ 6/ 7/ 8/ 9/ :`1 Irxu dgglwlrqdo pdqxvfulswv duh qhdu frpsohwlrq dqg zloo eh vxeplwwhg wr
Sk|vlfdo Uhylhz H1 Wkh dssdudwxv kdv ehhq h{whqvlyho| lpsuryhg dqg lv qrz ixoo| rshudwlrqdo1 Lq
dgglwlrq/ pdq| qhz dqg h{flwlqj uhvxowv kdyh ehhq uhfhqwo| rewdlqhg dqg zloo eh sxeolvkhg lq
ixwxuh duwlfohv1

Uhfhqwo|/ d gl�huhqwldoo| sxpshg wlph0ri0�ljkw v|vwhp zdv dgghg wr wkh dssdudwxv wkdw zloo doorz
dffxudwh phdvxuhphqwv ri wkh yhorflw| glvwulexwlrq ixqfwlrqv ri prohfxohv vfdwwhuhg iurp vxuidfhv1
Wklv v|vwhp zdv ghvljqhg vr wkdw gxulqj wlph0ri0�ljkw phdvxuhphqwv/ wkh wruvlrq edodqfh fdq eh
xvhg wr vlpxowdqhrxvo| phdvxuh wkh prphqwxp wudqvihuuhg wr wkh vxuidfh e| wkh lqflghqw jdv1
Wklv h{shulphqwdo fdsdelolw| zloo pdnh lw srvvleoh wr frpsduh dssur{lpdwh yhorflw| glvwulexwlrq
ixqfwlrqv ri wkh vfdwwhuhg prohfxohv frqvwuxfwhg iurp wkh pdfurvfrslf dyhudjh wudqvihu ri
prphqwxp dqg hqhuj| wr wkh vxuidfhv e| wkh lqflghqw jdvhv/ vxfk dv wkh Qrflood prgho/ zlwk wkh
dfwxdo phdvxuhg yhorflw| glvwulexwlrq ixqfwlrqv ri wkh vfdwwhuhg prohfxohv1

Lq dgglwlrq/ dq lpsuryhg wruvlrq edodqfh kdv ehhq ideulfdwhg wkdw fdq eh xvhg wr phdvxuh erwk
wkh prphqwxp wudqvihu frh�flhqwv dqg wkh devroxwh �x{ ghqvlwlhv ri wkh prohfxodu ehdpv1 Wklv
qhz wruvlrq edodqfh zloo vlpsoli| wkh h{shulphqwdo surfhgxuhv/ uhgxfh wkh wlph wdnhq wr frpsohwh
d vhw ri phdvxuhphqwv/ dqg lqfuhdvh wkh dffxudf| ri wkh uhvxowv1 Dffxudf| lv lqfuhdvhg pdlqo| gxh
wr holplqdwlqj wkh xvh ri pdvv vshfwurphwhuv wr phdvxuh wkh shufhqwdjh ri hdfk jdv vshflhv lq wkh
prohfxodu ehdpv1

2 A�i �L4i?|�4 �UUL44L_@|�L? �Li�U�i?|t

Wkh wdqjhqwldo � dqg qrupdo �� prphqwxp dffrpprgdwlrq frh�flhqwv fdq eh h{suhvvhg dv ^;`

� @
y� vlq �� � yr vlq �r

y� vlq��
> +4,

�� @
y� frv �� � yr frv �r

y� frv �� �
s
�nW@5p

> +5,

zkhuh y lv wkh pdjqlwxgh ri wkh �x{0zhljkwhg dyhudjh +khuhdiwhu uhihuuhg wr dv dyhudjh, yhorflw|/ �
lv wkh dqjoh ehwzhhq wkh dyhudjh yhorflw| dqg wkh vxuidfh qrupdo/ wkh vxevfulswv l dqg v uhsuhvhqw
wkh lqflghqw dqg vfdwwhuhg prohfxohv uhvshfwlyho|/ n lv Erow}pdqq*v frqvwdqw/ W lv wkh whpshudwxuh
ri wkh vfdwwhulqj vxuidfh/ dqg p lv wkh pdvv ri wkh lqglylgxdo jdv prohfxohv1 Wkh txdqwlw|s
�nW@5p lv wkh dyhudjh yhorflw| ri wkh vfdwwhuhg prohfxohv dvvxplqj gl�xvh vfdwwhulqj iurp wkh

vxuidfh zlwk frpsohwh wkhupdo dffrpprgdwlrq ^;`1

Iru pdq| dssolfdwlrqv wkh wdqjhqwldo prphqwxp dffrpprgdwlrq frh�flhqw kdv d uhprydeoh
vlqjxodulw| dw dq dqjoh ri lqflghqfh �� qrupdo wr wkh vxuidfh dqg lv zhoo ehkdyhg1 Krzhyhu/ iru
dssolfdwlrqv zkhuh �r lv qrw htxdo wr }hur dw qrupdo dqjohv ri lqflghqfh/ wkh wdqjhqwldo frh�flhqw
zrxog glyhujh1 Sureohpv zlwk wkh vlqjxodulw| lq wkh qrupdo prphqwxp dffrpprgdwlrq
frh�flhqw uhvxow lq glyhujhqw ehkdylru iru hvvhqwldoo| hyhu| dssolfdwlrq lqyroylqj d gluhfwhg jdv
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�rz1 Lq dgglwlrq/ wkh dqjoh ri lqflghqfh dw zklfk wkh vlqjxodulw| rffxuv lv d ixqfwlrq ri wkh
dyhudjh yhorflw| ri wkh lqflghqw prohfxohv dqg wkh whpshudwxuh ri wkh vfdwwhulqj vxuidfh1 Iru wkh
jdv0vxuidfh lqwhudfwlrqv frqvlghuhg lq wklv uhsruw/ wkh dqjoh ri lqflghqfh dw zklfk wkh vlqjxodulw|
rffxuuhg udqjhg iurp 88� wr ;8�1 Wkh glyhujhqw ehkdylru fdxvhg e| wklv vlqjxodulw| pdgh lw
qhduo| lpsrvvleoh wr xvh wkh qrupdo frh�flhqw1

Wr ryhufrph wklv vlqjxodulw| sureohp/ Nqxwk ^<` gh�qhg d qrupdo prphqwxp wudqvihu frh�flhqw
wkdw holplqdwhv wkh ixqfwlrqdo ghshqghqfh ri wkh vlqjxodulw| xsrq wkh dyhudjh yhorflw| ri wkh
lqflghqw prohfxohv dqg wkh vxuidfh whpshudwxuh1 Krzhyhu/ wkh frh�flhqw glyhujhv dw odujh dqjohv
ri lqflghqfh iru doo qrq vshfxodu vfdwwhulqj surfhvvhv1 Wkhuhiruh/ d qhz irupdolvp zdv ghyhorshg
wkdw frpsohwho| holplqdwhg wkh sureohpv fdxvhg e| vlqjxodulwlhv1

� A�i +i_�Ui_ 6LhUi �Li�U�i?|t

Wkh gh�qlwlrqv ri wkh uhgxfhg irufh frh�flhqwv zhuh duulyhg dw e| frqvlghulqj wkh irufh h{huwhg
rq d vxuidfh e| dq lqflghqw prohfxodu ehdp1 Wkh vlqjxodulw| sureohpv zhuh holplqdwhg e| gh�qlqj
wkh frh�flhqwv zlwk ghqrplqdwruv wkdw duh lqghshqghqw ri wkh lqflghqw �rz gluhfwlrq1 Wkh
wdqjhqwldo i| dqg qrupdo i? uhgxfhg irufh frh�flhqwv duh gh�qhg dv

i| @
s�| � sr|

s�
> +6,

i? @
s�? . sr?

s�
> +7,

zkhuh s lv wkh pdjqlwxgh ri wkh dyhudjh prphqwxp/ dqg wkh vxevfulswv w dqg q duh wkh wdqjhqwldo
dqg qrupdo frpsrqhqwv/ uhvshfwlyho|1 Wkh uhgxfhg irufh frh�flhqwv fdq dovr eh zulwwhq dv

i| @ I|@Q�py�> +8,

i? @ I?@Q�py�> +9,

zkhuh I lv wkh pdjqlwxgh ri wkh irufh h{huwhg rq wkh vxuidfh e| wkh lqflghqw jdv/ dqg Q� lv wkh
wrwdo lqflghqw �x{1 Wkxv/ wkh frh�flhqwv fdq eh ghwhuplqhg iurp phdvxuhphqwv ri I|/ I?/ Q�/
dqg y�1 Htxdwlrqv +6, dqg +7, fdq eh xvhg wr h{suhvv wkh pdjqlwxgh dqg gluhfwlrq ri wkh dyhudjh
yhorflw| ri wkh vfdwwhuhg prohfxohv dv

yr @ y�

t
+i| � vlq ��,2 . +i? � frv ��,2> +:,

�r @ wdq3�

�
vlq �� � i|
i? � frv ��

�
= +;,

Vskhulfdo srodu frruglqdwhv duh xvhg wr gh�qh wkh gluhfwlrqv ri wkh dyhudjh yhorflwlhv ri wkh
lqflghqw dqg vfdwwhuhg prohfxohv1 Wkh srodu dqjoh lv phdvxuhg iurp wkh vxuidfh qrupdo/ wkh
d}lpxwkdo dqjoh lv 4;3� iru wkh dyhudjh yhorflw| ri wkh lqflghqw prohfxohv dqg lv dvvxphg wr eh 3�

iru wkh dyhudjh yhorflw| ri wkh vfdwwhuhg prohfxohv/ dqg wkh vfdwwhulqj vxuidfh lv lq wkh sodqh
gh�qhg e| wkh srodu dqjoh ri <3�1

D qhz sdudphwhu �/ fdoohg wkh vfdodu prphqwxp dffrpprgdwlrq frh�flhqw lv lqwurgxfhg dqg
gh�qhg dv

� @
s� � sr
s� � s_

= +<,

:



Wkh txdqwlw| s_ lv wkh pdjqlwxgh ri wkh dyhudjh prphqwxp ri wkh vfdwwhuhg prohfxohv dvvxplqj
gl�xvh vfdwwhulqj dqg lv jlyhq e|

s
�nWp@51 Wkh vfdodu prphqwxp dffrpprgdwlrq frh�flhqw

udqjhv ehwzhhq }hur iru vshfxodu vfdwwhulqj dqg rqh iru gl�xvh vfdwwhulqj zlwk frpsohwh wkhupdo
dffrpprgdwlrq dqg lv zhoo gh�qhg iru doo dqjohv ri lqflghqfh1

Iru dssolfdwlrqv zkhuh gl�huhqfhv ehwzhhq wkh dyhudjh hqhujlhv dvvrfldwhg zlwk wkh lqwhuqdo0vwdwh
glvwulexwlrq ixqfwlrqv ri wkh lqflghqw dqg vfdwwhuhg prohfxohv fdq eh qhjohfwhg/ wkh hqhuj|
dffrpprgdwlrq frh�flhqw � fdq eh zulwwhq dv ^;/ 43`

� @
y2� � y2r

y2� � 7nW@p
> +43,

zkhuh y2 lv wkh dyhudjh ri wkh yhorflw| vtxduhg/ dqg 7nW@p lv wkh dyhudjh ri wkh yhorflw| vtxduhg
ri wkh vfdwwhuhg prohfxohv dvvxplqj gl�xvh vfdwwhulqj1 D nqrzohgjh ri wkh uhgxfhg irufh
frh�flhqwv lv qrw vx�flhqw wr ghwhuplqh wkh hqhuj| dffrpprgdwlrq frh�flhqw xvlqj Ht1 +43,1
Dgglwlrqdo lqirupdwlrq lv uhtxluhg wr ghwhuplqh y2r 1 Wkh vlpsoh dvvxpswlrq ri htxdwlqj y2r zlwk y2r
fdq uhvxow lq huuruv dv odujh dv 93(1 D pruh dffxudwh dssur{lpdwlrq iru y2r fdq eh pdgh zlwk dq
hqhuj| dffrpprgdwlrq frh�flhqw �� edvhg rq wkh dyhudjh yhorflwlhv ri wkh lqflghqw dqg vfdwwhuhg
prohfxohv1 Wkh frh�flhqw lv gh�qhg dv

�� @
y2� � y2r

y2� � �nW@5p
= +44,

Iurp d nqrzohgjh ri wkh uhgxfhg irufh frh�flhqwv dqg wkh yhorflw| glvwulexwlrq ixqfwlrq ri wkh
prohfxodu ehdp/ wkh frh�flhqw �� fdq eh fdofxodwhg1 Wkh xqfhuwdlqw| dvvrfldwhg zlwk wkh
dssur{lpdwlrq ri htxdwlqj �� zlwk � kdv ehhq vkrzq wr eh ohvv wkdq 	4( iru jdv0vxuidfh
lqwhudfwlrqv zkhuh wkh dyhudjh hqhuj| ri wkh lqflghqw prohfxohv lv odujh frpsduhg wr nW ^4`1 Zlwk
wklv dssur{lpdwlrq/ y2r fdq eh zulwwhq dv

y2r @ y2� � ��
�
y2� � 7nW@p

�
= +45,

Wkh txdqwlw| y2� fdq eh ghwhuplqhg iurp d nqrzohgjh ri wkh yhorflw| glvwulexwlrq ixqfwlrq ri wkh
lqflghqw prohfxohv1 Wkh dyhudjh wudqvodwlrqdo hqhuj| ri wkh vfdwwhuhg prohfxohv fdq eh rewdlqhg
xvlqj Ht1 +45,1

e A�i �LU�**@ B@t�5�hu@Ui W?|ih@U|�L? �L_i*

Wkh Qrflood jdv0vxuidfh lqwhudfwlrq prgho dvvxphv wkdw wkh yhorflw| glvwulexwlrq ixqfwlrq ri wkh
vfdwwhuhg prohfxohv fdq eh dssur{lpdwhg xvlqj d guliwlqj Pd{zhooldq glvwulexwlrq ixqfwlrq zlwk
prvw suredeoh yhorflw| X gh�qhg dv ^44`

Q +y, @ q

�
p

5�nWr

�
�*2

h{s

#
�
p+y�X,2

5nWr

$
> +46,

zkhuh q dqg Wr duh wkh qxpehu ghqvlw| dqg whpshudwxuh ri wkh vfdwwhuhg prohfxohv/ uhvshfwlyho|1
Wkh dgmxvwdeoh sdudphwhuv lq wkh Qrflood prgho duh q/ Wr/ dqg X1 Wkh prvw suredeoh yhorflw| ri
wkh vfdwwhuhg prohfxohv lv dvvxphg wr olh lq wkh sodqh iruphg e| wkh vxuidfh qrupdo dqg wkh

;



dyhudjh yhorflw| ri wkh lqflghqw prohfxohv1 Htxdwlrqv +47,~+4:,/ rewdlqhg e| lqwhjudwlqj Ht1 +46,/
fdq eh xvhg wr ghwhuplqh wkh irxu Qrflood prgho sdudphwhuv=

�r @
qX

5�V

�
h3\

2

.
s
��	

�
> +47,

yr vlq �r @ X vlq ��> +48,

yr frv �r @
X

V

�h3\
2

.
s
�
�
�

2
.�2

�
	

h3\2 .
s
��	

> +49,

y2r @
X2

V2

�
5 . V2

�
h3\

2

.
s
�
�
D

2
. V2

�
�	

h3\2 .
s
��	

> +4:,

zkhuh

V @
Xs

5nWr@p
> +4;,

� @ V frv ��> +4<,

	 @ 4. hui�> +53,

�r lv wkh �x{ ghqvlw| ri wkh vfdwwhuhg prohfxohv/ dqg �� lv wkh dqjoh ehwzhhq wkh vxuidfh qrupdo
dqg wkh prvw suredeoh yhorflw| X1 Xvlqj Htv1 +48,/ +49, dqg +4:, lw fdq eh vkrzq wkdw

wdq �r @
V vlq ��

�
h3\

2

.
s
��	

�
�h3\2 .

s
�
�
�

2
.�2

�
	
> +54,

+yr vlq �r,
2

y2r
@

+V vlq��,
2
�
h3\

2

.
s
��	

�
+5 . V2, h3\2 .

s
�
�
D

2
. V2

�
�	

= +55,

Wr ghwhuplqh V dqg ��/ Htv1 +54, dqg +55, fdq eh hydoxdwhg lwhudwlyho|1 Wkhq Ht1 +48, lv xvhg wr
ghwhuplqh X / dqg Ht1 +4;, lv xvhg wr rewdlq Wr1

Zkhq wkh vfdwwhulqj dqjoh �r lv htxdo wr }hur/ Ht1 +48, lpsolhv �� pxvw htxdo }hur ru 4;3�1 Iru
wklv vshfldo fdvh/ V fdq eh ghwhuplqhg iurp dq htxdwlrq rewdlqhg e| frpelqlqj Htv1 +54, dqg
+55,/ jlyhq e|
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Wkh soxv vljq lv xvhg li �� htxdov }hur zkloh wkh plqxv vljq lv xvhg li �� htxdov 4;3�1 Rqfh V lv
nqrzq/ X fdq eh hydoxdwhg lwhudwlyho| xvlqj Ht1 +49,1 Iru doo fdvhv/ diwhu ��/ X / dqg V kdyh ehhq
ghwhuplqhg/ q fdq eh rewdlqhg iurp Ht1 +47, e| htxdwlqj wkh lqflghqw dqg h{lw �x{0ghqvlwlhv1

Wkh dqjxodu glvwulexwlrq ixqfwlrq L lv gh�qhg e| ohwwlqj L +�> !, g
 uhsuhvhqw wkh iudfwlrq ri �r

wkdw vfdwwhuv lqwr wkh gl�huhqwldo vrolg dqjoh g
 derxw wkh gluhfwlrq gh�qhg e| � dqg !/ zkhuh ! lv
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wkh vskhulfdo frruglqdwh d}lpxwkdo dqjoh1 Xvlqj wkh Qrflood prgho wr dssur{lpdwh wkh dqjxodu
glvwulexwlrq ixqfwlrq ri wkh vfdwwhuhg prohfxohv jlyhv
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dqg
� @ V +vlq � frv ! vlq �� . frv � frv ��, = +5;,

Wkh dqjxodu glvwulexwlrq ixqfwlrq fdq dovr eh wkrxjkw ri dv uhsuhvhqwlqj wkh suredelolw| wkdw d
prohfxoh zlwk lqflghqw yhorflw| y� vfdwwhuv lqwr wkh vrolg dqjoh g
 derxw wkh gluhfwlrq gh�qhg e| �

dqg !1 Rqfh wkh Qrflood prgho sdudphwhuv kdyh ehhq ghwhuplqhg/ Ht1 +59, fdq eh xvhg wr
dssur{lpdwh wkh dqjxodu glvwulexwlrq ixqfwlrq ri wkh vfdwwhuhg prohfxohv1

D , Tih�4i?|@* +it�*|t

Wkh h{shulphqwdo uhvxowv zhuh rewdlqhg iurp phdvxuhphqwv ri wkh irufhv h{huwhg rq vxuidfhv e|
prohfxodu ehdpv ri wkh jdvhv xvlqj d wruvlrq edodqfh1 Wkh wruvlrq edodqfh dssdudwxv xvhg wr
phdvxuh wkh irufhv/ dorqj zlwk wkh whfkqltxhv xvhg wr phdvxuh wkh �x{0ghqvlwlhv dqg yhorflw|
glvwulexwlrq ixqfwlrqv ri wkh prohfxodu ehdpv duh ghvfulehg hovhzkhuh^4/ 5`1 Wkh dyhudjh yhorflwlhv
ri wkh prohfxodu ehdpv udqjhg iurp 49:3 p2v iru FR2 wr 7953 p2v iru K21 Wkh wrwdo xqfhuwdlqw|
lq wkh uhgxfhg irufh frh�flhqw phdvxuhphqwv lv hvwlpdwhg wr eh ohvv wkdq 	43(1

Phdvxuhphqwv ri wkh uhgxfhg irufh frh�flhqwv iru Q2/ FR/ dqg FR2 lqflghqw xsrq wkh vrodu
sdqho/ VlR20frdwhg Ndswrq/ dqg Ndswrq vkrzhg wkdw wkhvh jdv0vxuidfh lqwhudfwlrqv kdyh pdq|
vlplodulwlhv1 Vfdqqlqj hohfwurq plfurvfrsh phdvxuhphqwv uhyhdohg wkdw wkh vrodu sdqho/
VlR20frdwhg Ndswrq/ dqg Ndswrq kdg vlplodu vxuidfh urxjkqhvv dqg zhuh vprrwk rq d vfdoh ri
ohvv wkdq 4 �p/ zkloh wkh ]0<60frdwhg doxplqxp vxuidfh zdv urxjk rq d 433 �p vfdoh1 Wklv
frqwudvw lq vxuidfh urxjkqhvv frxog dffrxqw iru wkh vljql�fdqw gl�huhqfhv ehwzhhq wkh zd| wkh
irxu jdvhv vfdwwhuhg iurp ]0<60frdwhg doxplqxp dqg wkh rwkhu wkuhh vxuidfhv1

Iljxuhv 4~65 duh sorwv ri wkh uhgxfhg irufh frh�flhqwv/ yr@y�/ �r/ dqg � dv d ixqfwlrq ri wkh dqjoh
ri lqflghqfh �� iru wkh ydulrxv jdv0vxuidfh lqwhudfwlrqv/ zkloh Wdeohv 4~65 frqwdlq doo dfwxdo
h{shulphqwdo gdwd1 Wkh jdvhv Q2/ FR/ dqg FR2 fdq eh vhhq wr vfdwwhu iurp ]0<60frdwhg
doxplqxp gl�xvho| zlwk doprvw frpsohwh wkhupdo dffrpprgdwlrq e| qrwlqj wkdw �r lv forvh wr
}hur dqg � lv forvh wr rqh dw doo dqjohv ri lqflghqfh1 K2 fdq eh vhhq wr vfdwwhu iurp ]0<60frdwhg
doxplqxp gl�xvho| e| qrwlqj wkdw �r lv forvh wr }hur iru doo dqjohv ri lqflghqfh1 Krzhyhu/ � ydulhv
zlgho| ryhu wkh udqjh ri dqjohv ri lqflghqfh1

Iru wkh jdvhv lqflghqw xsrq wkh vrodu sdqho/ VlR20frdwhg Ndswrq/ dqg Ndswrq yr dqg �r lqfuhdvh
dv wkh dqjoh ri lqflghqfh lqfuhdvhv/ frqvlvwhqw zlwk wkh vfdwwhulqj ehfrplqj pruh vshfxodu1 Iru
odujh dqjohv ri lqflghqfh/ wkh vfdwwhulqj dqjohv iru FR2 duh odujhu wkdq iru Q2 dqg FR/ dqg wkh
vfdwwhulqj dqjohv iru Q2 dqg FR duh odujhu wkdq iru K21 Wklv h�hfw fdq eh h{sodlqhg e| qrwlqj
wkdw wkh pdvv ri K2 lv vljql�fdqwo| vpdoohu wkdq wkh pdvv ri Q2 dqg FR/ dqg wkh pdvvhv ri Q2

dqg FR duh vpdoohu wkdq wkh pdvv ri FR2 dqg wkdw d jlyhq irufh shushqglfxodu wr wkh gluhfwlrq ri
prwlrq zrxog gh�hfw K2 pruh wkdq Q2 dqg FR/ dqg zrxog gh�hfw Q2 dqg FR pruh wkdq FR21
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Wkxv/ iru odujh dqjohv ri lqflghqfh zkhuh wkh vfdwwhulqj ehfrphv pruh vshfxodu/ lw lv uhdvrqdeoh wr
dvvxph wkdw wkh odujh uhsxovlyh irufh h{huwhg rq wkh prohfxohv e| wkh vxuidfh zloo gh�hfw K2 pruh
wkdq Q2 dqg FR/ dqg zloo gh�hfw Q2 dqg FR pruh wkdq FR21

Lq Iljv1 66~97/ srodu sorwv ri wkh dqjxodu glvwulexwlrq ixqfwlrqv ri wkh vfdwwhuhg prohfxohv duh
vkrzq iru wkh ydulrxv jdv0vxuidfh lqwhudfwlrqv1 Wkh Qrflood prgho sdudphwhuv duh vkrzq lq Wdeohv
66~97 dqg zhuh rewdlqhg iru wkh jdv0vxuidfh lqwhudfwlrqv xvlqj wkh suhylrxvo| rxwolqhg surfhgxuh1
Qhjdwlyh ydoxhv iru �� lpso| wkdw !� lv 4;3�1 Htxdwlrq +59, zdv wkhq xvhg wr fdofxodwh wkh
dqjxodu glvwulexwlrq ixqfwlrqv1 Lq wkhvh �jxuhv/ wkh ruljlq fdq eh wkrxjkw ri dv wkh lpslqjhphqw
srlqw ri wkh prohfxodu ehdp/ wkh yhuwlfdo d{lv lv shushqglfxodu wr wkh vfdwwhulqj vxuidfh/ dqg wkh
krul}rqwdo d{lv lv gh�qhg e| wkh surmhfwlrq ri X rqwr wkh sodqh ri wkh vfdwwhulqj vxuidfh1 Iljxuhv
66~97 vkrz wkh lqwhuvhfwlrq ri wkh sodqh iruphg e| wkh dyhudjh yhorflw| ri wkh lqflghqw prohfxohv
dqg wkh vxuidfh qrupdo zlwk wkh wkuhh0glphqvlrqdo dqjxodu glvwulexwlrq ixqfwlrqv1 Wkh glvwdqfh
iurp wkh ruljlq wr d srlqw rq d oreh wlphv g
 uhsuhvhqwv wkh suredelolw| wkdw d prohfxoh zlwk wkh
lqglfdwhg dyhudjh yhorflw| vfdwwhuv iurp wkh vxuidfh lqwr d gl�huhqwldo vrolg dqjoh g
 derxw wkh
gluhfwlrq gh�qhg e| � dqg !1 Wkhvh glvwdqfhv duh gh�qhg e| wkh wlfn pdunv rq wkh krul}rqwdo dqg
yhuwlfdo d{lv1 Wkh sruwlrq ri wkh krul}rqwdo d{lv wr wkh uljkw ri wkh yhuwlfdo d{lv fruuhvsrqgv wr
! @ 3/ dqg wkh sruwlrq wr wkh ohiw ri wkh yhuwlfdo d{lv fruuhvsrqgv wr ! @ 4;3�1 Wkh srodu dqjoh lv
jlyhq dorqj wkh flufxodu d{lv ri wkh judskv1

Wkh jhqhudo wuhqg wkdw wkh vfdwwhulqj ehfrphv pruh vshfxodu zlwk lqfuhdvlqj dqjohv ri lqflghqfh
iru jdvhv vfdwwhulqj iurp wkh vrodu sdqho/ VlR20frdwhg Ndswrq/ dqg Ndswrq fdq eh lqihuuhg iurp
Iljv1 66~971 Dv wkh dqjoh ri lqflghqfh lqfuhdvhv/ wkh orehv ehfrph pxfk odujhu ehfdxvh ri wkh zd|
lq zklfk wkh dqjxodu glvwulexwlrq ixqfwlrq lv qrupdol}hg dffruglqj wr wkh htxdwlrq]

L +�> !, g
 @ 4= +5<,

Wklv ehkdylru kdv ixqgdphqwdo sk|vlfdo vljql�fdqfh1 Dv wkh dqjoh ri lqflghqfh lqfuhdvhv/ wkh vl}h
ri wkh orehv dovr lqfuhdvhv/ phdqlqj ihzhu sduwlfohv vfdwwhu rxw ri wkh sodqh iruphg e| wkh dyhudjh
yhorflw| ri wkh lqflghqw prohfxohv dqg wkh vxuidfh qrupdo1 Wklv h�hfw lv pruh surqrxqfhg iru Q2/
FR/ dqg FR2 wkdq iru K2 dqg iru wkh odujhu lqflghqw yhorflwlhv1

Wkh �jxuhv vkrz wkdw vfdwwhulqj iurp ]0<60frdwhg doxplqxp lv qhduo| gl�xvh iru doo dqjohv ri
lqflghqfh1 Wklv uhvxow zdv revhuyhg iru doo jdvhv lqflghqw xsrq ]0<60frdwhg doxplqxp dqg dw doo
lqflghqw yhorflwlhv1 Qhduo| gl�xvh vfdwwhulqj lv prvw olnho| gxh wr wkh h{wuhpho| urxjk vxuidfh
pruskrorj| ri ]0<60frdwhg doxplqxp1

Wdeohv 98~9: frpsduh phdvxuhphqwv ri wkh uhgxfhg irufh frh�flhqwv iru Q2/ FR/ dqg FR2 pdgh
zlwk wkh fduulhu jdvhv K2 dqg Kh1 Wkh gdwd djuhh wr zlwklq wkh xqfhuwdlqw| ri wkh phdvxuhphqwv
iru doo dqjohv ri lqflghqfh h{fhsw ;8�1 Dw wklv dqjoh ri lqflghqfh doljqphqw ri wkh vdpsoh zlwk wkh
prohfxodu ehdp lv h{wuhpho| fulwlfdo1 D plqru plvdoljqphqw frxog uhvxow lq d iudfwlrq ri wkh ehdp
plvvlqj wkh vdpsoh1 Wkh odujh glvfuhsdqf| dw wkh dqjoh ri lqflghqfh ri ;8� frxog eh gxh wr wklv
h�hfw1

S �L?U*�t�L?t

D qhz irupdolvp kdv ehhq xvhg wr dqdo|}h wkh dyhudjh prphqwxp wudqvihuuhg wr vxuidfhv e|
lqflghqw jdvhv1 Wklv qhz irupdolvp holplqdwhv wkh vlqjxodulw| sureohpv dvvrfldwhg zlwk wkh
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prphqwxp dffrpprgdwlrq frh�flhqwv dqg fdq eh xvhg wr xqltxho| ghwhuplqh wkh Qrflood
jdv0vxuidfh lqwhudfwlrq prgho sdudphwhuv1 Wkh irupdolvp holplqdwhv wkh qhhg wr phdvxuh hqhuj|
dffrpprgdwlrq frh�flhqwv/ wkhuhe| uhgxflqj wkh qxpehu ri h{shulphqwdoo| ghwhuplqhg
sdudphwhuv uhtxluhg wr rewdlq wkh Qrflood prgho sdudphwhuv1

Wkh uhvxowv glvfxvvhg lq wklv uhsruw vkrz wkdw prohfxohv vfdwwhu iurp whfkqlfdo vxuidfhv pruh
vshfxoduo| dv wkh dqjoh ri lqflghqfh lqfuhdvhv/ dqg wkdw wkh vfdwwhulqj kdv d vwurqj ghshqghqfh
xsrq erwk wkh lqflghqw jdv dqg yhorflw|1 Wkhvh uhvxowv vkrz wkdw iru vrph whfkqlfdo vxuidfhv wkh
vlpsoh dvvxpswlrq ri gl�xvh vfdwwhulqj zlwk frpsohwh wkhupdo dffrpprgdwlrq lv hqwluho|
lqdghtxdwh1

+iuihi?Uit

^4` V1 U1 Frrn/ Sk1G1 wkhvlv/ Wkh Xqlyhuvlw| ri Wh{dv dw Dxvwlq/ 4<<81

^5` V1 U1 Frrn/ P1 D1 Kr�edxhu/ M1 E1 Furvv/ K1 Zhoohqvwhlq/ dqg P1 Ilqn/ Uhy1 Vfl1 Lqvwuxp1
9:/ 4:;4 +4<<9,1

^6` V1 U1 Frrn dqg P1 D1 Kr�edxhu/ Sk|v1 Uhy1 H 88/ U6;5; +4<<:,1

^7` V1 U1 Frrn/ M1 E1 Furvv/ dqg P1 D1 Kr�edxhu/ lq Uduh�hg Jdv G|qdplfv 4</ hglwhg e| M1
Kduyh| dqg J1 Orug +R{irug Xqlyhuvlw| Suhvv/ R{irug/ 4<<8,/ Yro1 5/ ss1 <9:~<:61

^8` V1 U1 Frrn dqg P1 D1 Kr�edxhu/ lq Uduh�hg Jdv G|qdplfv 53/ hglwhg e| F1 Vkhq +Shnlqj
Xqlyhuvlw| Suhvv/ Ehlmlqj/ 4<<:,/ ss1 79:~7:51

^9` V1 U1 Frrn dqg P1 D1 Kr�edxhu/ M1 ri Vsdfhfudiw dqg Urfnhwv 67/ 6:< +4<<:,1

^:` V1 U1 Frrn dqg P1 D1 Kr�edxhu/ M1 ri Ydf1 Vfl1 dqg Whfk1 D 48/ 4 +4<<:,1

^;` V1 D1 Vfkddi/ lq Hqf|forshgld ri Sk|vlfv/ hglwhg e| V1 Io�xjjh dqg F1 Wuxhvghoo
+Vsulqjhu0Yhuodj/ Ehuolq/ 4<96,/ Qr1 5/ ss1 8<4~9571

^<` H1 O1 Nqxwk/ DLDD Mrxuqdo 4;/ 935 +4<;3,1

^43` G|qdplfv ri Jdv0Vxuidfh Lqwhudfwlrqv/ hglwhg e| F1 W1 Uhwwqhu dqg P1 Q1 U1 Dvkirog +Wkh
Ur|do Vrflhw| ri Fkhplvwu|/ Fdpeulgjh/ 4<<4,1

^44` V1 Qrflood/ lq Uduh�hg Jdv G|qdplfv/ hglwhg e| M1 D1 Odxupdqq +Dfdghplf Suhvv/ Qhz \run/
4<96,/ Yro1 4/ ss1 65:~6791
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Wdeoh 4= 58<3 p2v K2 lqflghqw xsrq wkh vrodu sdqho

�� +ghjuhhv, i| i? yr@y� yr +p2v, �r +ghjuhhv, � �� y2
r
+p2v,2

3 3 418< 318;9 4853 3 31;;; 31<4; 8135�43S

58 3164: 417; 318;: 4853 4316 31;;9 31<49 8135�43S

83 31945 415; 31989 4:33 4619 31:6; 31:<9 8158�43S

:8 31:83 31;87 31966 4973 4<1< 31:;; 31;6< 814:�43S

;8 3194< 3186< 318;; 4853 6<1; 31;;6 31<48 8136�43S
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Wdeoh 5= 58<3 p2v K2 lqflghqw xsrq VlR20frdwhg Ndswrq

�� +ghjuhhv, i| i? yr@y� yr +p2v, �r +ghjuhhv, � �� y2
r
+p2v,2

3 3 4185 31853 4683 3 4136 4135 71;5�43S

58 3163: 417; 318;8 4843 4417 31;<4 31<53 8135�43S

83 318;7 4159 31978 49:3 4917 31:94 31;49 8155�43S

:8 31:66 31;<6 319:9 4:83 5314 319<9 31:93 8165�43S
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Wdeoh 6= 58<3 p2v K2 lqflghqw xsrq Ndswrq

�� +ghjuhhv, i| i? yr@y� yr +p2v, �r +ghjuhhv, � �� y2
r
+p2v,2

3 3 4187 31873 4733 3 31<;9 31<<3 71;;�43S

58 31673 4184 31939 48:3 :1;3 31;78 31;;8 813;�43S

83 31958 415; 3198: 4:33 4517 31:68 31:<7 8159�43S
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Wdeoh 7= 58<3 p2v K2 lqflghqw xsrq ]0<60frdwhg doxplqxp

�� +ghjuhhv, i| i? yr@y� yr +p2v, �r +ghjuhhv, � �� y2
r
+p2v,2

3 3 4186 31868 46;3 3 31<<; 31<<< 71;:�43S

58 316;; 4179 31884 4763 618< 31<96 31<:6 71<4�43S

83 31:78 4159 31946 48<3 41<9 31;63 31;:6 8144�43S

:8 4135 31;6< 318;5 4843 08135 31;<: 31<58 8134�43S

;8 4139 318<7 31844 4653 0:158 4138 4136 71;3�43S
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Wdeoh 8= 4;:3 p2v Q2 lqflghqw xsrq wkh vrodu sdqho
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r
+p2v,2

3 3 4154 31546 688 3 31<8: 31<;9 5193�43D

58 316;4 4146 3155: 6:< 4318 31<6< 31<:< 51::�43D

83 31994 31;<4 3159< 77< 551< 31;;; 31<8; 6166�43D

:8 31:67 3184< 3167; 8;5 741: 31:<5 31<3: 7197�43D

;8 31895 315;; 317:; :<< 9815 31967 31:<9 :185�43D

58



0.0

0.5

1.0

1.5

(a)R
ed

uc
ed

 F
or

ce
 C

oe
ffi

ci
en

ts

 f
t

 f
n

0.0

0.2

0.4

0.6

0.8

1.0

(b)

v
s /

v
i

0 15 30 45 60 75 90

0

15

30

45

60

75

(c)

θ
i
 (degrees)

θ s 
(d

eg
re

es
)

0 15 30 45 60 75 90
0.0

0.2

0.4

0.6

0.8

1.0

(d)

µ

θ
i
 (degrees)

Iljxuh 47= Wkh gdwd iru 49:3 p2v FR2 lqflghqw xsrq VlR20frdwhg Ndswrq1

Wdeoh 47= 49:3 p2v FR2 lqflghqw xsrq VlR20frdwhg Ndswrq

�� +ghjuhhv, i| i? yr@y� yr +p2v, �r +ghjuhhv, � �� y2
r
+p2v,2

3 3 414< 314<7 657 3 31<;3 31<<7 516<�43D

58 31699 4143 31539 677 4913 31<98 31<;; 5186�43D

83 31963 31;;< 315;4 79< 5;1< 31;:7 31<84 6183�43D
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r
+p2v,2

3 3 4154 31543 684 3 31<93 31<;: 518:�43D

58 316;4 4146 31565 6;; 4316 31<66 31<:: 51;6�43D

83 31997 31;<: 315:7 78: 541< 31;;6 31<88 616<�43D

:8 31:9< 31874 31677 8:7 6813 31:<: 31<43 7189�43D
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+p2v,2

3 3 414; 314:: 5<8 3 4133 4133 5155�43D

58 31743 413; 314:; 5<: 61<6 31<<< 4133 5156�43D

83 31:7; 31;7; 31539 678 813: 31<97 31<;; 5186�43D
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3 3 417; 317:< 5543 3 31:76 31;79 :17;�43S

58 3167< 416; 317;7 5573 ;1;4 31:6: 31;74 :189�43S

83 31988 414< 31894 58<3 4417 3195: 31:86 <139�43S
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83 31995 31<75 3164: 4343 4<14 31::6 31<45 4157�43S

:8 31986 318<6 3178; 4793 7614 31947 31;34 5168�43S

;8 3179; 316:4 31933 4<43 941; 31786 3197< 61;;�43S
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Iljxuh 55= Wkh gdwd iru 64;3 p2v Q2 lqflghqw xsrq VlR20frdwhg Ndswrq1

Wdeoh 55= 64;3 p2v Q2 lqflghqw xsrq VlR20frdwhg Ndswrq

�� +ghjuhhv, i| i? yr@y� yr +p2v, �r +ghjuhhv, � �� y2
r
+p2v,2

3 3 415: 315:6 ;9< 3 31;56 31<6; <1:5�43D

58 316;3 4149 3158; ;53 <185 31;73 31<79 ;1;<�43D

83 31966 31<6: 31656 435; 5716 31:99 31<3; 415;�43S

:8 31946 318<: 317;; 4887 7915 318:< 31::5 5198�43S

;8 3183< 31745 318;8 4;95 8915 3179< 31999 61:4�43S
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Iljxuh 56= Wkh gdwd iru 64;3 p2v Q2 lqflghqw xsrq Ndswrq1

Wdeoh 56= 64;3 p2v Q2 lqflghqw xsrq Ndswrq

�� +ghjuhhv, i| i? yr@y� yr +p2v, �r +ghjuhhv, � �� y2
r
+p2v,2

3 3 4155 3154< 9<; 3 31;;7 31<98 :135�43D

58 316:< 4145 31554 :37 4417 31;;4 31<97 :144�43D

83 31989 31<4; 315<: <76 541; 31:<9 31<58 4144�43S

:8 31989 3188< 31764 46:3 781< 31977 31;58 5144�43S

;8 31888 3167: 31845 4963 8<18 31886 31:7; 51;;�43S
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Iljxuh 57= Wkh gdwd iru 64;3 p2v Q2 lqflghqw xsrq ]0<60frdwhg doxplqxp1

Wdeoh 57= 64;3 p2v Q2 lqflghqw xsrq ]0<60frdwhg doxplqxp

�� +ghjuhhv, i| i? yr@y� yr +p2v, �r +ghjuhhv, � �� y2
r
+p2v,2

3 3 414: 314:3 86< 3 31<73 31<;8 8138�43D

58 3175< 4139 3148: 7<< 05153 31<87 31<;< 7195�43D

83 31:<; 31;67 314<7 94: 0<166 31<45 31<:9 81<9�43D

:8 4133 3176; 314;6 8;6 04419 31<58 31<;3 8187�43D

;8 4134 31574 31488 7<5 0717; 31<8: 31<;< 7189�43D
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Iljxuh 58= Wkh gdwd iru 6533 p2v FR lqflghqw xsrq wkh vrodu sdqho1

Wdeoh 58= 6533 p2v FR lqflghqw xsrq wkh vrodu sdqho

�� +ghjuhhv, i| i? yr@y� yr +p2v, �r +ghjuhhv, � �� y2
r
+p2v,2

3 3 415< 315;8 <46 3 31;3< 31<64 4138�43S

58 31736 414< 315;< <59 61<3 31;37 31<5< 413:�43S

83 31998 31<78 3164; 4353 4;18 31::4 31<44 4159�43S

:8 31994 318<3 31783 4773 7519 31955 31;3; 5163�43S

;8 317:5 31698 318<7 4<33 9514 3178< 31989 61;8�43S
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Iljxuh 59= Wkh gdwd iru 6533 p2v FR lqflghqw xsrq VlR20frdwhg Ndswrq1

Wdeoh 59= 6533 p2v FR lqflghqw xsrq VlR20frdwhg Ndswrq

�� +ghjuhhv, i| i? yr@y� yr +p2v, �r +ghjuhhv, � �� y2
r
+p2v,2

3 3 415: 3159; ;8: 3 31;5; 31<74 <185�43D

58 316;3 4149 31589 ;4< <198 31;75 31<7: ;1;:�43D

83 31967 31<68 31654 4363 5716 31:9; 31<3< 415:�43S

:8 3194< 318<8 317;6 4883 781< 318;7 31::: 5195�43S

;8 3184; 31744 318:; 4;83 8913 317:; 319:8 6199�43S
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Iljxuh 5:= Wkh gdwd iru 6533 p2v FR lqflghqw xsrq Ndswrq1

Wdeoh 5:= 6533 p2v FR lqflghqw xsrq Ndswrq

�� +ghjuhhv, i| i? yr@y� yr +p2v, �r +ghjuhhv, � �� y2
r
+p2v,2

3 3 4156 31559 :58 3 31;:8 31<95 :173�43D

58 316;5 4146 3155< :67 4315 31;:5 31<93 :186�43D

83 31994 31<58 31634 <98 5317 31:<3 31<54 4148�43S

:8 31998 31896 3175; 46:3 771: 3197: 31;5; 5143�43S

;8 31895 31683 3183: 4953 8;1; 3188: 31:86 51;:�43S
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Iljxuh 5;= Wkh gdwd iru 6533 p2v FR lqflghqw xsrq ]0<60frdwhg doxplqxp1

Wdeoh 5;= 6533 p2v FR lqflghqw xsrq ]0<60frdwhg doxplqxp

�� +ghjuhhv, i| i? yr@y� yr +p2v, �r +ghjuhhv, � �� y2
r
+p2v,2

3 3 414: 314:5 883 3 31<6: 31<;7 8149�43D

58 3175< 413: 31493 844 05179 31<84 31<;; 71:7�43D

83 31;3: 31;77 31538 98; 04417 31;<< 31<:4 917:�43D

:8 4133 31773 314;8 8<5 04414 31<55 31<:< 8198�43D

;8 4134 31577 3148: 836 0814< 31<86 31<;< 7199�43D
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Iljxuh 5<= Wkh gdwd iru 5;73 p2v FR2 lqflghqw xsrq wkh vrodu sdqho1

Wdeoh 5<= 5;73 p2v FR2 lqflghqw xsrq wkh vrodu sdqho

�� +ghjuhhv, i| i? yr@y� yr +p2v, �r +ghjuhhv, � �� y2
r
+p2v,2

3 3 4147 31469 6;: 3 31<97 31<<5 51;9�43D

58 3169< 4139 3148< 784 4<1< 31<6< 31<;8 6173�43D

83 3194< 31;74 3157: :33 6918 31;74 31<7< 9163�43D

:8 3194; 31858 3176; 4573 8519 3195: 31;4: 41:3�43S

;8 31777 31655 31933 4:33 9:13 31779 3197: 613:�43S
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Iljxuh 63= Wkh gdwd iru 5;73 p2v FR2 lqflghqw xsrq VlR20frdwhg Ndswrq1

Wdeoh 63= 5;73 p2v FR2 lqflghqw xsrq VlR20frdwhg Ndswrq

�� +ghjuhhv, i| i? yr@y� yr +p2v, �r +ghjuhhv, � �� y2
r
+p2v,2

3 3 4154 3153: 8;: 3 31;;8 31<9; 71;6�43D

58 316;6 4143 314<< 897 4419 31;<8 31<:4 7189�43D

83 31968 31;;6 315:7 ::: 5;19 31;44 31<68 :178�43D

:8 31958 3187; 3177: 45:3 7<19 3194: 31;3< 41:9�43S

;8 3184; 3169; 31888 48;3 8<19 317<: 31:33 5197�43S

75



0.0

0.5

1.0

1.5

(a)R
ed

uc
ed

 F
or

ce
 C

oe
ffi

ci
en

ts

 f
t

 f
n

0.0

0.2

0.4

0.6

0.8

1.0

(b)

v
s /

v
i

0 15 30 45 60 75 90

0

15

30

45

60

75

(c)

θ
i
 (degrees)

θ s 
(d

eg
re

es
)

0 15 30 45 60 75 90
0.0

0.2

0.4

0.6

0.8

1.0

(d)

µ

θ
i
 (degrees)

Iljxuh 64= Wkh gdwd iru 5;73 p2v FR2 lqflghqw xsrq Ndswrq1

Wdeoh 64= 5;73 p2v FR2 lqflghqw xsrq Ndswrq

�� +ghjuhhv, i| i? yr@y� yr +p2v, �r +ghjuhhv, � �� y2
r
+p2v,2

3 3 4153 314<; 894 3 31;<9 31<:5 7185�43D

58 316<6 4143 314<: 88< ;188 31;<: 31<:5 7183�43D

83 319:3 31;;6 3158< :68 541: 31;5: 31<76 91;3�43D

:8 319;8 31863 316<4 4443 7914 319;3 31;8: 416;�43S

;8 318:7 31654 317;6 46:3 9414 318:; 31::9 5136�43S
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Iljxuh 65= Wkh gdwd iru 5;73 p2v FR2 lqflghqw xsrq ]0<60frdwhg doxplqxp1

Wdeoh 65= 5;73 p2v FR2 lqflghqw xsrq ]0<60frdwhg doxplqxp

�� +ghjuhhv, i| i? yr@y� yr +p2v, �r +ghjuhhv, � �� y2
r
+p2v,2

3 3 4148 3147; 754 3 31<84 31<;< 6146�43D

58 3175< 4137 31467 6;3 05185 31<9: 31<<6 51;3�43D

83 31:<7 31;3< 3149< 7:< 0<187 31<5; 31<;5 6199�43D

:8 31<<; 31747 3148; 77< 04419 31<73 31<;9 616;�43D

;8 31<<9 3154< 31465 6:6 313:9 31<9< 31<<6 51:8�43D
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Iljxuh 66= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 58<3 p2v K2 lqflghqw xsrq wkh vrodu sdqho1

Wdeoh 66= Wkh Qrflood prgho sdudphwhuv iru 58<3 p2v K2 lqflghqw xsrq wkh vrodu sdqho1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 3163< 787 3 596
58 31667 7<4 661: 596
83 31:4; <9; 5716 554
:8 318<7 ;64 7514 56:
;8 31:39 43:3 447 5:;
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Iljxuh 67= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 58<3 p2v K2 lqflghqw xsrq VlR20frdwhg Ndswrq1

Wdeoh 67= Wkh Qrflood prgho sdudphwhuv iru 58<3 p2v K2 lqflghqw xsrq VlR20frdwhg Ndswrq1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 313;93 469 4;3 637
58 31659 7;5 6;18 598
83 3198: <34 6418 55;
:8 31;64 43<3 6617 543
;8 31:8: 4363 8;19 558
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Iljxuh 68= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 58<3 p2v K2 lqflghqw xsrq Ndswrq1

Wdeoh 68= Wkh Qrflood prgho sdudphwhuv iru 58<3 p2v K2 lqflghqw xsrq Ndswrq1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 313693 881; 3 5<4
58 3177: 974 4<18 57<
83 319<: <78 551: 556
:8 31:8; 4343 5413 549
;8 3163; 796 981< 5:8
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Iljxuh 69= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 58<3 p2v K2 lqflghqw xsrq ]0<60frdwhg doxplqxp1

Wdeoh 69= Wkh Qrflood prgho sdudphwhuv iru 58<3 p2v K2 lqflghqw xsrq ]0<60frdwhg doxplqxp

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 313376; 91;6 3 5<4
58 31448 4:: 6317 57<
83 31799 996 719< 556
:8 315;< 75; 04:1< 549
;8 314;; 633 0479 5:8
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Iljxuh 6:= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 4;:3 p2v Q2 lqflghqw xsrq wkh vrodu sdqho1

Wdeoh 6:= Wkh Qrflood prgho sdudphwhuv iru 4;:3 p2v Q2 lqflghqw xsrq wkh vrodu sdqho1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 3199< 599 3 59:
58 31::7 639 541: 597
83 4159 7;7 6516 57:
:8 41<7 :44 7<13 559
;8 5199 <6; :417 543
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Iljxuh 6;= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 4;:3 p2v Q2 lqflghqw xsrq VlR20frdwhg Ndswrq1

Wdeoh 6;= Wkh Qrflood prgho sdudphwhuv iru 4;:3 p2v Q2 lqflghqw xsrq VlR20frdwhg Ndswrq1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 31864 547 3 5:6
58 31:4; 5;9 5;17 59;
83 4165 838 6:18 579
:8 514; :;4 7:1: 549
;8 519; <58 8;13 535
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Iljxuh 6<= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 4;:3 p2v Q2 lqflghqw xsrq Ndswrq1

Wdeoh 6<= Wkh Qrflood prgho sdudphwhuv iru 4;:3 p2v Q2 lqflghqw xsrq Ndswrq1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 31873 54: 3 5:6
58 31;<9 684 4:18 58<
83 4164 7<< 5;1; 577
:8 41;9 9;5 6;17 558
;8 41;8 9;5 7;1< 55<
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Iljxuh 73= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 4;:3 p2v Q2 lqflghqw xsrq ]0<60frdwhg doxplqxp1

Wdeoh 73= Wkh Qrflood prgho sdudphwhuv iru 4;:3 p2v Q2 lqflghqw xsrq ]0<60frdwhg doxplqxp1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 31486 9617 3 5;<
58 3156: <:1: 4915 5;9
83 3185< 546 <1:4 5:7
:8 31865 547 41;9 5:6
;8 31598 43< ;1<5 5;7
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Iljxuh 74= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 4;:3 p2v FR lqflghqw xsrq wkh vrodu sdqho1

Wdeoh 74= Wkh Qrflood prgho sdudphwhuv iru 4;:3 p2v FR lqflghqw xsrq wkh vrodu sdqho1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 31988 594 3 59;
58 31;55 657 4<13 595
83 4157 7:: 6415 57;
:8 41;; 9<6 7;1< 55<
;8 518< <54 :41: 546
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3.0 2.0 1.0 0.0 1.0 2.0 3.0

1870 m/sec CO
SiO

2
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I (θ,180°) I (θ,0°)

Iljxuh 75= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 4;:3 p2v FR lqflghqw xsrq VlR20frdwhg Ndswrq1

Wdeoh 75= Wkh Qrflood prgho sdudphwhuv iru 4;:3 p2v FR lqflghqw xsrq VlR20frdwhg Ndswrq1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 3187; 553 3 5:6
58 31:33 5:< 5;15 59<
83 415; 7<5 6915 57:
:8 513< :89 7;13 553
;8 518: ;<; 8;15 539
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1.0 0.0 1.0
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I (θ,180°) I (θ,0°)

Iljxuh 76= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 4;:3 p2v FR lqflghqw xsrq Ndswrq1

Wdeoh 76= Wkh Qrflood prgho sdudphwhuv iru 4;:3 p2v FR lqflghqw xsrq Ndswrq1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 31978 58: 3 59<
58 31<46 68; 481: 58;
83 415; 7<3 5;18 578
:8 41;3 996 6;19 55;
;8 41;3 999 7;1< 565
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I (θ,180°) I (θ,0°)

Iljxuh 77= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 4;:3 p2v FR lqflghqw xsrq ]0<60frdwhg dox0
plqxp1

Wdeoh 77= Wkh Qrflood prgho sdudphwhuv iru 4;:3 p2v FR lqflghqw xsrq ]0<60frdwhg doxplqxp1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 31537 ;714 3 5;:
58 3159; 443 4616 5;7
83 31875 54; <1<: 5:6
:8 31869 549 417; 5:6
;8 315:: 446 8167 5;7
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3.0 2.0 1.0 0.0 1.0 2.0 3.0

1670 m/sec CO
2
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I (θ,180°) I (θ,0°)

Iljxuh 78= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 49:3 p2v FR2 lqflghqw xsrq wkh vrodu sdqho1

Wdeoh 78= Wkh Qrflood prgho sdudphwhuv iru 49:3 p2v FR2 lqflghqw xsrq wkh vrodu sdqho1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 31765 473 3 5:<
58 318;: 4;< 5419 5:7
83 31<:8 63: 671: 595
:8 418< 7;8 851< 57;
;8 517: :6< :;1; 569

8:



2.0 1.0 0.0 1.0 2.0
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2

SiO
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I (θ,180°) I (θ,0°)

Iljxuh 79= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 49:3 p2v FR2 lqflghqw xsrq VlR20frdwhg Ndswrq1

Wdeoh 79= Wkh Qrflood prgho sdudphwhuv iru 49:3 p2v FR2 lqflghqw xsrq VlR20frdwhg Ndswrq1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 31545 9<1: 3 5;:
58 316<8 45< 7:14 5;7
83 413: 668 7518 594
:8 41;: 893 851; 56;
;8 5169 9<5 9613 55:

8;



1.5 1.0 0.5 0.0 0.5 1.0 1.5
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I (θ,180°) I (θ,0°)

Iljxuh 7:= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 49:3 p2v FR2 lqflghqw xsrq Ndswrq1

Wdeoh 7:= Wkh Qrflood prgho sdudphwhuv iru 49:3 p2v FR2 lqflghqw xsrq Ndswrq1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 31738 465 3 5;3
58 3196: 537 4<1; 5:5
83 4135 64; 6517 593
:8 418: 7:; 7619 577
;8 419: 83< 8817 579

8<
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I (θ,180°) I (θ,0°)

Iljxuh 7;= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 49:3 p2v FR2 lqflghqw xsrq ]0<60frdwhg dox0
plqxp1

Wdeoh 7;= Wkh Qrflood prgho sdudphwhuv iru 49:3 p2v FR2 lqflghqw xsrq ]0<60frdwhg doxplqxp1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 31338:5 41<5 4;3 5<8
58 313946 5317 ;81: 5<8
83 31696 44; 471< 5;5
:8 316;5 457 9188 5;4
;8 31434 6617 6;14 5<5
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Iljxuh 7<= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 7953 p2v K2 lqflghqw xsrq wkh vrodu sdqho1

Wdeoh 7<= Wkh Qrflood prgho sdudphwhuv iru 7953 p2v K2 lqflghqw xsrq wkh vrodu sdqho1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 41;3 55<3 3 4<:
58 41;4 5643 9138 4<:
83 41<6 5753 4514 4<4
:8 5139 5873 5918 4;8
;8 5139 58:3 831< 4;<
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I (θ,180°) I (θ,0°)

Iljxuh 83= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 7953 p2v K2 lqflghqw xsrq VlR20frdwhg Ndswrq1

Wdeoh 83= Wkh Qrflood prgho sdudphwhuv iru 7953 p2v K2 lqflghqw xsrq VlR20frdwhg Ndswrq1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 419; 54:3 3 537
58 418< 53;3 4315 53;
83 41<6 5753 481: 4<4
:8 5149 5963 5;19 4;3
;8 514< 59:3 7315 4;3
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I (θ,180°) I (θ,0°)

Iljxuh 84= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 7953 p2v K2 lqflghqw xsrq Ndswrq1

Wdeoh 84= Wkh Qrflood prgho sdudphwhuv iru 7953 p2v K2 lqflghqw xsrq Ndswrq1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 4156 49;3 3 55;
58 4159 4:53 4418 559
83 41:5 5553 4617 535
:8 41:9 5593 5917 533
;8 4179 4<:3 7814 553
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Iljxuh 85= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 7953 p2v K2 lqflghqw xsrq ]0<60frdwhg doxplqxp1

Wdeoh 85= Wkh Qrflood prgho sdudphwhuv iru 7953 p2v K2 lqflghqw xsrq ]0<60frdwhg doxplqxp1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 31:93 4433 3 587
58 318<; ;;4 :1<8 596
83 4145 4893 0614: 567
:8 4135 4773 04619 573
;8 3194; <43 04:17 596
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Iljxuh 86= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 64;3 p2v Q2 lqflghqw xsrq wkh vrodu sdqho1

Wdeoh 86= Wkh Qrflood prgho sdudphwhuv iru 64;3 p2v Q2 lqflghqw xsrq wkh vrodu sdqho1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 5139 ;35 3 64;
58 5144 ;53 8145 588
83 516; <59 531; 588
:8 6187 4733 7816 597
;8 7188 4;93 9719 5;6
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6.0 4.0 2.0 0.0 2.0 4.0 6.0

3180 m/sec N
2
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I (θ,180°) I (θ,0°)

Iljxuh 87= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 64;3 p2v Q2 lqflghqw xsrq VlR20frdwhg Ndswrq1

Wdeoh 87= Wkh Qrflood prgho sdudphwhuv iru 64;3 p2v Q2 lqflghqw xsrq VlR20frdwhg Ndswrq1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 41<; ::4 3 588
58 41;6 :47 431< 589
83 5176 <7: 5918 589
:8 61:: 4833 7;17 59:
;8 717; 4;53 8;18 5::
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I (θ,180°) I (θ,0°)

Iljxuh 88= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 64;3 p2v Q2 lqflghqw xsrq Ndswrq1

Wdeoh 88= Wkh Qrflood prgho sdudphwhuv iru 64;3 p2v Q2 lqflghqw xsrq Ndswrq1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 4177 898 3 593
58 4179 8:5 4714 593
83 514< ;87 571; 589
:8 6164 4643 7;1; 597
;8 61;< 48:3 9614 5:9

9:
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Iljxuh 89= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 64;3 p2v Q2 lqflghqw xsrq ]0<60frdwhg doxplqxp1

Wdeoh 89= Wkh Qrflood prgho sdudphwhuv iru 64;3 p2v Q2 lqflghqw xsrq ]0<60frdwhg doxplqxp1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 31;79 66< 3 593
58 3199< 5:3 07138 593
83 4148 789 0451: 589
:8 4135 738 0491; 597
;8 3197 58< 0;184 5:9

9;
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Iljxuh 8:= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 6533 p2v FR lqflghqw xsrq wkh vrodu sdqho1

Wdeoh 8:= Wkh Qrflood prgho sdudphwhuv iru 6533 p2v FR lqflghqw xsrq wkh vrodu sdqho1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 5145 ;54 3 587
58 5149 ;69 7165 587
83 5175 <6< 5314 587
:8 6184 46;3 771< 594
;8 7189 4;83 971< 5:;

9<



6.0 4.0 2.0 0.0 2.0 4.0 6.0

3200 m/sec CO
SiO

2
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Iljxuh 8;= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 6533 p2v FR lqflghqw xsrq VlR20frdwhg Ndswrq1

Wdeoh 8;= Wkh Qrflood prgho sdudphwhuv iru 6533 p2v FR lqflghqw xsrq VlR20frdwhg Ndswrq1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 41<8 :8; 3 587
58 41;6 :46 4414 589
83 5177 <7: 5919 588
:8 61:< 47<3 7;14 596
;8 717; 4;33 8;15 5:6

:3
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Iljxuh 8<= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 6533 p2v FR lqflghqw xsrq Ndswrq1

Wdeoh 8<= Wkh Qrflood prgho sdudphwhuv iru 6533 p2v FR lqflghqw xsrq Ndswrq1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 4186 8<< 3 58;
58 4189 943 4516 58;
83 5159 ;:< 5518 588
:8 6166 4643 7:17 594
;8 61<4 48:3 9515 5:4

:4
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Iljxuh 93= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 6533 p2v FR lqflghqw xsrq ]0<60frdwhg dox0
plqxp1

Wdeoh 93= Wkh Qrflood prgho sdudphwhuv iru 6533 p2v FR lqflghqw xsrq ]0<60frdwhg doxplqxp1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 31;;< 689 3 5:3
58 31:57 5<5 07164 5:7
83 4163 844 0471: 595
:8 4139 753 0481: 59:
;8 319;; 5:; 0<175 5:8

:5
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Iljxuh 94= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 5;73 p2v FR2 lqflghqw xsrq wkh vrodu sdqho1

Wdeoh 94= Wkh Qrflood prgho sdudphwhuv iru 5;73 p2v FR2 lqflghqw xsrq wkh vrodu sdqho1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 31938 4<9 3 5:;
58 31<75 635 6318 5:6
83 41<8 94; 7517 597
:8 61:4 4533 8818 5::
;8 71;: 49:3 :316 643

:6
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I (θ,180°) I (θ,0°)

Iljxuh 95= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 5;73 p2v FR2 lqflghqw xsrq VlR20frdwhg Ndswrq1

Wdeoh 95= Wkh Qrflood prgho sdudphwhuv iru 5;73 p2v FR2 lqflghqw xsrq VlR20frdwhg Ndswrq1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 4189 7;< 3 593
58 4179 78< 4716 595
83 5159 :3: 641; 593
:8 61;3 4563 8514 5:9
;8 7194 4873 9514 5<8

:7
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Iljxuh 96= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 5;73 p2v FR2 lqflghqw xsrq Ndswrq1

Wdeoh 96= Wkh Qrflood prgho sdudphwhuv iru 5;73 p2v FR2 lqflghqw xsrq Ndswrq1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 4178 788 3 594
58 4177 785 4319 594
83 5144 993 5716 58<
:8 6165 4393 7;1< 5:3
;8 7136 46;3 971: 5;;

:8
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Iljxuh 97= Wkh dqjxodu glvwulexwlrq ixqfwlrqv iru 5;73 p2v FR2 lqflghqw ]0<60frdwhg doxplqxp1

Wdeoh 97= Wkh Qrflood prgho sdudphwhuv iru 5;73 p2v FR2 lqflghqw xsrq ]0<60frdwhg doxplqxp1

�� +ghjuhhv, V X +p2v, �� +ghjuhhv, Wr +N,

3 31:<5 587 3 5:6
58 31897 4;6 08158 5:<
83 413; 677 04616 59:
:8 31<68 5<< 4:19 5:4
;8 31859 4:4 31499 5;3

:9



Wdeoh 98= Frpsdulvrq ri wkh Uhgxfhg Irufh Frh�flhqw phdvxuhphqwv iru 4;:3 p2v Q2 lqflghqw
xsrq wkh vrodu sdqho pdgh zlwk wkh fduulhu jdvhv K2 dqg Kh1

�� +ghjuhhv, i| Kh i| K2 i| ( Gl�1 i? Kh i? K2 i? ( Gl�1

3 3 3 3 4167 4159 913
58 316:< 31695 719 4157 414: 917
83 3197; 3195; 615 4135 31<7< :1:
:8 319<9 319:< 519 31976 318;4 431:
;8 318:; 31855 431: 31763 31673 5919

Wdeoh 99= Frpsdulvrq ri wkh Uhgxfhg Irufh Frh�flhqw phdvxuhphqwv iru 4;:3 p2v FR lqflghqw
xsrq wkh vrodu sdqho pdgh zlwk wkh fduulhu jdvhv K2 dqg Kh1

�� +ghjuhhv, i| Kh i| K2 i| ( Gl�1 i? Kh i? K2 i? ( Gl�1

3 3 3 3 4166 4159 819
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