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- E (m/h) | EEEH
13100 13118000010 1| B EEE 0.8 29.51 1.63
13100 13111100010 30005| KM RBBEE 1.3 84. 89 0.92
11000 11111100010 INEFENEEEEE 2.1 84. 89 1.48
11000 11111100020 S| EENIREBEE 2.1 32.08 3.93
11000 11111100030 IEFNREHEE 1 46. 31 1.30
11000 11111100040 IRFENIREEHEE 1.1 46. 31 1.43
11000 11111100050 10[EENREBEE 0.9 37.23 1.45
11000 11200500010 30510| &3& 5 Bt RiR 2.4 36. 39 3.96
11000 11200500020 30510| =& 5 Bt R 0.6 22.89 1.57
11000 11200500030 30510| =& 5 B 0.1 22.89 0.26
13100 13200500180 520 =% 5 Bt RR 0.7 22.89 1.83
13100 13200500170 520| E5& 5 5ith % 1.2 22.89 3.15
13100 13200500160 5205 % 5 SRR 3.2 29. 14 6.59
13100 13200500150 520| 5 5 5t R iR 2.9 49.53 3.51
13100 13200500140 520|535 5 & ith 4R 1.2 48.16 1.49
13100 13200500130 510[=iE 5 BithF4R 1 49,55 1.21
13100 13200500120 510[=E 5 BithR4R 0.1 34.90 0.17
13100 13200500110 510[5E 5 Bith R iR 0.2 34.90 0.34
13100 13200500100 510| E5& 5 5ith % 1.5 4417 2.04
13100 13200500090 510 5% 5 SRR 1.3 44,51 1.75
13100 13200500080 510[ 5 & 5 St ¥R 0.4 44,51 0.54
13100 13200500070 510| 53E 5 Bt R g 1.3 39. 21 1.99
13100 13200500060 510| 53 5 & ith 48 0.5 40.14 0.75
13100 13200500050 510|E&E 5 Bthisis 0.7 40. 14 1.05
13100 13200500040 510[5% 5 Bt ¥R 0.4 21.51 1.12
13100 13200500030 510[5% 5 SRR 0.1 21.51 0.28
13100 13200500020 510| 5 5 SR & 1 21.51 2.79
13100 13200500010 510| 5% 5 = ith 48 0.8 18. 06 2.66
13100 13200020040 502 | SR AL ERIKER 1 23. 86 2.51
13100 13200020050 502| SR AL R AR AR 0.1 14.45 0.42
13100 13200020060 502 [ EE A DIRKER 0.6 14.45 2.49
13100 13200020070 502| SR AL BRI ER 0.2 17.39 0.69
13100 13200020080 502| SR AL IR IK AR 0.2 23.33 0.51
13100 13200110010 506| = 1 5 LER 0.9 51.96 1.04
13100 13200010010 501 | SR AL R IR 0.9 65. 71 0.82
13100 13200010020 501 | EnR AR IRER 0.9 71.95 0.69
13100 13200010030 501 | ZEER Bk S 0.1 57.22 0.10
13100 13200010040 501 | SN AR IKER 0.2 60. 90 0.20
13100 13200010050 501 [EE A DIRKER 0.5 63. 42 0.47
13100 13200010060 501 | SR AL R IKER 1.1 65. 51 1.01
13100 13200010070 501 | ELR AL IR IRER 0.4 65. 51 0.37
13100 13200010080 501 | ZEER Bk IS 0.6 60. 81 0.59
13100 13200100010 505(=F 1 EPEAE 0.6 33.25 1.08
13100 13201000010 517|858 1 1 215K 2.8 15.39 10. 91
13100 13201000020 517|531 1 885 1.1 71.63 0.85
13100 13201000030 517|581 1 28154 1.1 77.63 0.85
13100 13200510080 514|BEERER 1.1 85.10 0.78
13100 13200510070 514| SR ERE R 0.1 67.05 0.09
13100 13200510060 54| EEELR 1.7 67.05 1.52
13100 13200510050 S14| SR E R R 0.7 79.20 0.53
13100 13200510040 514| EnEER R 1.4 82.92 1.01
13100 13200510030 5l4|EEEER 0.5 78.29 0.38
13100 13200510020 514| SR BRI 0.8 78.29 0. 61
13100 13200520010 18| EEEFELR 4.5 89. 65 3.01
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;ﬁg; or | BAEMES H‘ggx B2 %Eff IRTE | (5)

- E km/h) | FRIEH#
13100 13400240150 14026 | 5 & Fr iR &R 0.7 16.24 2.59
13100 13400240010 4026 | #R EFTIR R 0.5 15.49 1.94
13100 13604430010 6056 | =1 FH = BT AB BT §% 1.9 20. 05 5. 69
13100 13403110330 4077|IR1K 8 B% 0.2 17.91 0.67
13100 13403110320 4077[3R4K 8 5% 0.1 10.25 0.59
13100 13403110310 4077| 1R 8 5% 0 0.00 0.00
13100 13403110300 4077|IRIK 8 B% 0.2 12.87 0.93
13100 13403110290 4077|3R4K 8 SR 1 17.05 3.52
13100 13403110280 4076|3R1K 8 iR 1.4 18.93 4. 44
13100 13403110270 4076 |IR1K 8 B% 1.9 14. 67 7.77
13100 13400070440 440052t & = D ER iR 0.2 9.74 1.23
13100 13403110250 44005| 3Rk 8 SR 0.3 10. 44 1.72
13100 13400140310 44005 #TE E LR 1.1 15. 41 4,28
13100 13403110230 4075|3R4K 8 B & 0.2 11.68 1.03
13100 13403110220 4075|3R4K 8 iR 0.2 11. 68 1.03
13100 13403110210 407511k 8 B % 0.4 11.68 2.06
13100 13403110200 4075|1R1K 8 5 iR 0 0.00 0.00
13100 13403110190 4075|31RK 8 B iR 1.2 16. 31 4.42
13100 13403110180 4075|1RK 8 B4R 1.3 23. 01 3.39
13100 13403110170 4074|324k 8 =& 1.4 26. 28 3.20
13100 13403110160 4074|3R4K 8 B iR 1 18. 20 3.30
13100 13403110150 4074|311k 8 B % 0.9 14.21 3.80
13100 13403110140 4074|324k 8 B2 0 0.00 0.00
13100 13304660010 1151| —fEEE4 6 6 5 0.9 9.73 5.55
13100 13304660020 1151|—f#kEE4 6 65 1.1 12. 80 5.16
13100 13403110120 4073|324k 8 & 0.7 31.00 1.35
13100 13403110110 4073|3R4K 8 B % 1.9 28.43 4.01
13100 13403110100 4073|3RIK 8 iR 1.6 32.95 2.91
13100 13403110090 4073|324k 8 & 1.9 26. 68 4.27
13100 13403110080 4072|354K 8 B iR 0.1 19. 04 0.32
13100 13403110070 4072|3RK 8 B iR 1.2 22.90 3.14
13100 13403110060 4072|350k 8 R 0.1 26. 62 0.23
13100 13403110050 4072|3R4K 8 BiR 2.2 18.52 7.13
13100 13403110040 4071[3RIK 8 B4R 1.8 17.22 6.27
13100 13301310020 1101|—f¢EE1 3 18 0.5 10. 05 2.99
13100 13301310010 1101|—fEE13 15 0.7 19.93 2. 11
13100 13403110020 4070[3R4K 8 B4R 1.4 44.92 1.87
13100 13403110010 4070[3RK 8 B iR 1.5 46. 75 1.93
13100 13303570290 4070| —f@EE3I 5 78 1.5 64. 54 1.39
13100 13303570280 41145| —fEEE3 5 75 1.5 60. 44 1.49
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13100 13118000010 1| BB EE 0.8 29. 51 1.63
- - - S IRBE X (B ~E£) 16 80. 00 12.00
13000 13110100010 30004 |3 & S E IR 0.5 64.53 0.46
13100 13403110150 4074[1B1k 8 B2 0.9 14. 21 3.80
13100 13403110140 4074[1BIK 8 B2 0 0.00 0.00
13100 13304660010 1151|—fEEE4 6 6 5 0.9 9.73 5.55
13100 13304660020 1151|—fEEE4 6 6 5 1.1 12. 80 5.16
13100 13403110120 4073[IRIk 8 B2 0.7 31.00 1.35
13100 13403110110 4073[IRIKk 8 B2 1.9 28. 43 4.01
13100 13403110100 4073 |1R1K 8 B iR 1.6 32.95 2.91
13100 13403110090 4073 |1R1K 8 B iR 1.9 26. 68 4,27
13100 13403110080 4072|3R1K 8 B iR 0.1 19.04 0.32
13100 13403110070 4072[1RIK 8 B 1.2 22.90 3.14
13100 13403110060 4072|1R1K 8 B iR 0.1 26. 62 0.23
13100 13403110050 4072|1R1K 8 B iR 2.2 18.52 7.13
13100 13403110040 4071[IRIXK 8 S 1.8 17.22 6.27
13100 13301310020 1101 —fEEE13 15 0.5 10. 05 2.99
13100 13301310010 01| —fEEE13 15 0.7 19.93 2. 11
13100 13403110020 4070[3RIK 8 5% 1.4 44.92 1.87
13100 13403110010 4070|1R1K 8 B & 1.5 46. 75 1.93
13100 13303570290 4070 —fREE3 5 75 1.5 64. 54 1.39
13100 13303570280 AM145|—fgEE3 575 1.5 60. 44 1.49
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# 3-2.4 HHL (EEEAL—F)

- . . - IRMEET | FRERSR
gﬁg%g;;; EARMES H‘gﬂ;.:‘ B2 E(Enﬁf fRTE | ()

- E (km/h) | FHIEH
13100 13118000010 1|EAtd BB EE 0.8 29. 51 1.63
13100 13111100010 30005 | RRSMREBIEEE 1.3 84.89 0.92
11000 11111100010 I ERENREBEE 2.1 84.89 1.48
11000 11111100020 8| EENRBEIEE 2.1 32.08 3.93
11000 11111100030 IEFNRBEIEE 1 46. 31 1.30
11000 11111100040 IREANRBEIEE 1.1 46. 31 1.43
11000 11111100050 10|ERNEEBEE 0.9 37.23 1.45
11000 11200500010 30510|5E 5 5tz 2.4 36. 39 3.96
11000 11200500020 30510|&&E 5 Sith 4% 0.6 22.89 1.57
11000 11200500030 30510| =& 5 SR 0.1 22.89 0.26
13100 13200500180 520| = 5 Bith iR 0.7 22.89 1.83
13100 13200500170 520 5% 5 Sith iR 1.2 22.89 3.15
13100 13200500160 5205 :E 5 Sith iR 3.2 29. 14 6.59
13100 13200500150 520| E 5 B ith 4R 2.9 49.53 3.51
13100 13200500140 520| Z:& 5 B ith 4R 1.2 48.16 1.49
13100 13200500130 510| 5 5 Bith R fR 1 49.55 1.21
13100 13200500120 510|&&E 5 Eith ¥z 0.1 34.90 0.17
13100 13200500110 510| S 5 Bith iR 0.2 34.90 0.34
13100 13200500100 510| Z 5 Bith iR 1.5 4417 2.04
13100 13200500090 510| Z 5 Bith iR 1.3 4451 1.75
13100 13200500080 510| 5 5 Bith R 0.4 4451 0.54
13100 13200500070 510|5:% 5 Sith ¥R 1.3 39. 21 1.99
13100 13200500060 510/ 53F 5 5ithikig 0.5 40. 14 0.75
13100 13200500050 510[Z& 5 BithRiR 0.7 40. 14 1.05
13100 13200500040 510|53%F 5 5ithi¥ig 0.4 21.51 1.12
13100 13200500030 510|5&F 5 5ithi¥ig 0.1 21.51 0.28
13100 13200500020 510| 5 5 B ith 4R 1 21.51 2.79
13100 13200500010 510| Z 5 B ith iR 0.8 18. 06 2.66
13100 13200020040 502 | &R B R R 1 23.86 2.51
13100 13200020050 502| S EEBILIRIRER 0.1 14.45 0.42
13100 13200020060 502 | &R BB R R 0.6 14. 45 2. 49
13100 13200020070 502 | &R R B R R 0.2 17.39 0. 69
13100 13200020080 502| =EEBID BB IK R 0.2 23.33 0.51
13100 13200110010 506| SE 1 & FHig 0.9 51.96 1.04
13100 13200010010 501 | EHR AL RKER 0.9 65. 71 0.82
13100 13200010020 501 | SR AL RKER 0.9 77.95 0.69
13100 13200010030 501 | SR AL ERKER 0.1 57.22 0.10
13100 13200010040 501 [ S EEBOIRKIR 0.2 60. 90 0.20
13100 13200010050 501 | SR IOIRKIR 0.5 63.42 0.47
13100 13200010060 501 | SRR KIR 1.1 65. 51 1.01
13100 13200010070 501 | S EEBLIRRER 0.4 65. 51 0.37
13100 13200010080 I EE TR 0.6 60. 81 0.59
13100 13200100010 505|531 SR MAEE 0.6 33.25 1.08
13100 13201000010 517|5% 1 1 55158 2.8 15.39 10. 91
13100 13201000020 517|501 1 5815 1.1 77.63 0.85
13100 13201000030 S17|EE 1 1 B85 1.1 77.63 0.85
13100 13200510080 514 S FREER 1.1 85.10 0.78
13100 13200510070 514| S ERR 0.1 67.05 0.09
13100 13200510060 514| S HEER 1.7 67.05 1.52
13100 13200510050 54| 5FEER 0.7 79.20 0.53
13100 13200510040 5145 FEER 1.4 82.92 1.01
13100 13200510030 S14| S FZERER 0.5 78.29 0.38
13100 13303570260 144 —EEE3I 575 0.8 34. 66 1.38

g 50.5 82

B He2 EEACEE YA

3-30



3. EMYpROER

#F 3-2.5 EHip ERI\L—1)

i s . RMET | FTERM
;7552;;;& r_; EARMES “‘gg‘ B2 %Ef‘f HATE | ()

5 & (km/h) | FFHIEH
13100 13400240150 14026 | #E ERTIR % 0.7 16.24 2.59
13100 13400240010 4026 | & B TR 0.5 15. 49 1.94
13100 13604430010 6056 | 57 FH BT AB BT 8 1.9 20. 05 5.69
13100 13403110330 4077[1R1K 8 4% 0.2 17.91 0.67
13100 13403110320 4077[3R1K 8 B#& 0.1 10.25 0.59
13100 13403110310 4077[1R1K 8 4% 0 0.00 0.00
13100 13403110300 4077[3R1K 8 4% 0.2 12. 817 0.93
13100 13403110290 4077[1R1K 8 4% 1 17.05 3.52
13100 13403110280 4076 IRk 8 & 1.4 18.93 4. 44
13100 13403110270 4076 IRk 8 4% 1.9 14. 67 1.71
13100 13400070440 44005| 2 = D B iR 0.2 9.74 1.23
13100 13403110250 44005[3R4K 8 B 4% 0.3 10. 44 1.72
13100 13400140310 44005 | FTTE E LR 1.1 15. 41 4,28
13100 13403110230 4075 1Rk 8 B 4% 0.2 11. 68 1.03
13100 13403110220 4075[1R1K 8 4% 0.2 11.68 1.03
13100 13403110210 4075 1Rk 8 B 4% 0.4 11. 68 2. 06
13100 13403110200 4075[1R1K 8 4% 0 0.00 0.00
13100 13403110190 4075 1Rk 8 B 4% 1.2 16. 31 4.42
13100 13403110180 4075|3R4K 8 B8 1.3 23.01 3.39
13100 13403110170 4074 3R 8 B 4% 1.4 26. 28 3.20
13100 13403110160 4074|3R4K 8 B8 1 18.20 3.30
13100 13403110150 4074[1R1K 8 4% 0.9 14. 21 3.80
13100 13403110140 4074|3R4K 8 B8 0 0.00 0.00
13100 13304660010 1151|—fiREE4 6 65 0.9 9.73 5.55
13100 13304660020 1151|—fiREE4 6 65 1.1 12.80 5.16
13100 13403110120 4073|IRIK 8 B iR 0.7 31.00 1.35
13100 13403110110 4073|3R4K 8 B8 1.9 28.43 4.01
13100 13403110100 4073|IRK 8 B iR 1.6 32.95 2.91
13100 13403110090 4073|3R4K 8 B8 1.9 26. 68 4,27
13100 13403110080 4072 1R1K 8 B 4% 0.1 19. 04 0.32
13100 13403110070 4072|3R4K 8 B8 1.2 22.90 3. 14
13100 13403110060 4072|31R1K 8 B 4% 0.1 26. 62 0.23
13100 13403110050 4072|3R4K 8 B8 2.2 18.52 7.13
13100 13300150200 1056| —fi¢EE 1 55 0.6 10. 74 3.35
13100 13300150190 1056| —fEE 155 1.5 22.59 3.98
13100 13300150180 1056| —fi¢EE 1 58 0.4 18. 20 1.32
13100 13403180020 4102|3RK 7 B8 1.2 25.74 2.80
13100 13403180010 44024 |3R9K 7 S48 1 27.51 2.18

B 32.5 105

B He2 EEACEE YA
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#* 3-2.6 HfEE Otsr—h)

= _

o e \ & RMRET | BT ERERE
;Er's%g;rzrt HARMES H‘g:.“ B2 E(Enf;‘ MR | ()

TR XIT = E (km/h) | FEEM%
13100 13118000010 MEEEASEESE 0.8 29. 51 1.63
- - - S IRBEXME (B~ E5) 16 80. 00 12.00
13000 13110100010 30004 | & 5 EE K 0.5 64. 53 0.46
13100 13403110150 4074|3R4K 8 B8 0.9 14.21 3.80
13100 13403110140 4074 |3R1K 8 B 4% 0 0.00 0.00
13100 13304660010 1151 —kEE4 6 6 5 0.9 9.73 5.55
13100 13304660020 151 —BEE4 6 6 5 1.1 12. 80 5.16
13100 13403110120 4073 [3RK 8 B R 0.7 31.00 1.35
13100 13403110110 4073[IRK 8 B4R 1.9 28.43 4.01
13100 13403110100 4073 |IR1K 8 % 1.6 32.95 2.91
13100 13403110090 4073 | IRk 8 E4& 1.9 26. 68 4.27
13100 13403110080 4072|3R1K 8 5% 0.1 19.04 0.32
13100 13403110070 4072|321k 8 4% 1.2 22.90 3.14
13100 13403110060 4072 |3R1K 8 % 0.1 26. 62 0.23
13100 13403110050 4072 | IRk 8 E4& 2.2 18.52 7.13
13100 13403110040 4071|3R1K 8 4% 1.8 17.22 6.27
13100 13301310020 1101 —f¢EE1 315 0.5 10. 05 2.99
13100 13301310010 1101 —f¢EE1 3 1§ 0.7 19.93 2.11
13100 13403110020 4070[3R4K 8 B8 1.4 44. 92 1.87
13100 13403110010 4070[3RK 8 B iR 1.5 46.75 1.93
13100 13303570290 4070 —f¢EE3 575 1.5 64. 54 1.39
13100 13303570280 41145 —fBEE3 575 1.5 60. 44 1.49
13100 13303570270 1145 —@EE3 575 4.6 46. 53 5.93
43. 4 76

Gk H22 At YA

# 3-2.7 BEBIRICBI D —WREZE AL 5T
AN EG
i X T A i = =

B 1REE|E 2 RFEE|E 3 IKEHE (Kuéi%%?&) %1 IRFEXE|E 2 REE|H 3 REE
WA FAS 4,392 1, 760 686 1,551 3,997 44. 0% 17. 2% 38. 8%
IRASAT 5, 654 1,823 580 3,210 5,613 32. 5% 10. 3% 57. 2%
JSAS 1,736 396 371 950 1,717 23. 1% 21. 6% 55. 3%
J A 2, 640 521 514 1,592 2,627 19. 8% 19. 6% 60. 6%
HPAS 616 122 140 354 616 19. 8% 22. 7% 57. 5%
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3. EMYpROER

* 3-2.9 Byl GELLEL—B)

. . . IRAMEE | ATERERS
;?ség;-zr; 2rxmEs |1URE BRA TH e | o

B AR = E km/h) | FRIEMH
11100 11300170930 11012|—EEE1 75 0.8 12. 44 3.86
11100 11300170920 1O |—fEEE1 75 0.1 16.98 0.35
11100 11300170910 1O |—fEE#E1 75 1.1 16. 98 3.89
11100 11300170900 oM |—fEEE1 75 1.8 19.17 5.63
11100 11302980080 31102[—fEE#E29 85 0.5 21.90 1.37
11000 11302980070 1102|—fEE#E2985 0.1 18.35 0.33
11000 11302980060 1102|—fEEE29 85 0.2 17.20 0.70
11000 11302980050 1102|—fEEE2985 0.4 26. 20 0.92
11000 11302980040 1102|—fEE#E2985 1 17.93 3.35
11000 11300170040 1041|—fEEE1 75 0.6 28.39 1.27
11000 11300170030 1041 —MREE1 75 1.7 25.40 4.02
11000 11200500020 30510| &% 5 B ith ¥R 0.6 22.89 1.57
11000 11200500030 30510| &% 5 Sith 88 0.1 22.89 0.26
13100 13200500180 520|5Ei% 5 Tt SR 0.7 22.89 1.83
13100 13200500170 520| i 5 5 ithi¥ig 1.2 22.89 3.15
13100 13200500160 520| i 5 B ithiRig 3.2 29.14 6.59
13100 13200500150 520| i 5 B ith iR 2.9 49.53 3.51
13100 13200500140 520| i 5 B ithiR4g 1.2 48.16 1.49
13100 13200500130 510| &% 5 Sith ¥ g 1 49.55 1.21
13100 13200500120 510|Z i 5 B ithiRg 0.1 34.90 0.17
13100 13200500110 510[ %% 5 Tt LR 0.2 34.90 0.34
13100 13200500100 510| &% 5 B it B4R 1.5 44.17 2.04
13100 13200500090 510| &3 5 Bt 4R 1.3 44.51 1.75
13100 13200500080 510| B3 5 Bt 4R 0.4 44.51 0.54
13100 13200500070 510| B3k 5 Bt 4R 1.3 39.21 1.99
13100 13200500060 510| B3k 5 Bt 4R 0.5 40.14 0.75
13100 13200500050 510| B3 5 Bt 4R 0.7 40.14 1.05
13100 13200500040 510| =i 5 Bt B4R 0.4 21.51 1.12
13100 13200500030 510| =i 5 Bt 4R 0.1 21.51 0.28
13100 13200500020 510| &% 5 Bith® g 1 21.51 2.79
13100 13200500010 510| &% 5 Bt 0.8 18.06 2. 66
13100 13200020040 502| & R A D IRAKER 1 23. 86 2.51
13100 13200020050 502| & R EBDIRAKER 0.1 14.45 0.42
13100 13200020060 502| & R A D IRAKER 0.6 14.45 2.49
13100 13200020070 502| & R EBDIRAKER 0.2 17.39 0. 69
13100 13200020080 502| & R AR D IRAKER 0.2 23.33 0.51
13100 13200110010 506| =% 1 5 L FHig 0.9 51.96 1.04
13100 13200010010 501 & R AR IRARER 0.9 65. 71 0.82
13100 13200010020 501| B E AR D IRIKER 0.9 71.95 0. 69
13100 13200010030 501| B E AR D IRIKER 0.1 57.22 0.10
13100 13200010040 501| EE AR DV IRIKER 0.2 60. 90 0.20
13100 13200010050 501| EE AR DV IRIKER 0.5 63.42 0.47
13100 13200010060 501| B E AR DV IRIKER 1.1 65. 51 1.01
13100 13200010070 501| EE AR DV IRIKER 0.4 65.51 0.37
13100 13200010080 501| EE ARV IRIKER 0.6 60. 81 0.59
13100 13200100010 505| &% 1 S AR 0.6 33.25 1.08
13100 13200100020 505| &% 1 S AR 1.1 29.24 2.26
13100 13200100030 505 &% 1 S AR 1.9 36.89 3.09
13100 13200100040 505 &% 1 S AR 1.7 36.89 2.71
13100 13200100050 505 &% 1 S AR 1.6 36.89 2.60
13100 13200100060 505 &% 1 S AR 0.6 73.50 0.49
13100 13200100070 505 &% 1 S AR 0.6 74.75 0.48
13100 13200100080 505 &% 1 S AR 0.8 74.75 0.64
13100 13200100090 505 &% 1 S AR 1.1 77.34 0.85
13100 13200100100 505 &% 1 S H AR 1.3 70.12 1.11
13100 13200100110 505 &% 1 S AR 0.8 67.84 0.71
13100 13200100120 505| &:E 1 S MR 0.7 68. 71 0. 61
13100 13201100010 30516]ZiRE)I 1 SHEPER 0.9 68. 71 0.79
14130 14201100010 501 [EEME I 1 SRR 0.8 65.39 0.73
14100 14201100020 501 [EEME)I 1 SRR 3.6 74.83 2.89
14100 14201100030 501 [EEME)I 1 SRR 2 48. 49 2.47
14130 14201100040 501 [EEME I 1 SRR 0.1 48. 49 0.12
14100 14201100050 501 [EEME I 1 SHERR 0.7 53.56 0.78
14100 14201100060 501 [EEME I 1 SHERR 2.2 67.56 1.95
14100 14201100070 501 [EEME I 1 SHERR 0.7 70.17 0.60
14100 14201100080 501 [EEME I 1 SERR 0.6 70.17 0.51
14100 14201100090 501 [EEME I 1 SHERR 0.4 71.84 0.33
14100 14201100100 501 | ZE M) 1 SHEHE 2.1 72.84 1.73
14100 14201100110 501 | =E M) 1 SHEHE 1.3 65. 76 1.19
14100 14201100120 502| =EME)I 1 SHEHER 0.1 46. 81 0.13
14100 14201100130 502| =EME)I 1 SHEHER 0.9 46. 81 1.15
14100 14201100140 502| ZEME)I 1 SHEHER 0.9 54. 58 0.99
14100 14201100150 502| EEME)I 1 SHEHER 0.1 74.45 0.08
14100 14201100160 502| EEME)I 1 SHEHER 1.8 74.45 1.45
B 67.2 107

BEL : H22 JEE A A
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3. EMYpROER

#* 3-2.10 Pihatk OhEr—h)

. . . - RMEFTE | FTERR

ggg;i; EARMES ””%V§ B %f IRTE | ()
- E km/h) | FHIEH
11100 11300170930 11012(—f¢EE1 7 5 0.8 12. 44 3.86
11100 11300170920 1101 | —feEE1 785 0.1 16.98 0.35
11100 11300170910 1Mo | —feEE1 75 1.1 16.98 3.89
11100 11300170900 11011 | —feEE1 75 1.8 19.17 5. 63
11100 11302980080 31102| —ftEE29 85 0.5 21.90 1.37
11000 11302980070 1102|—fEEE29 85 0.1 18.35 0.33
11000 11302980060 1102| —fEEE29 88 0.2 17.20 0.70
11000 11302980050 1102|—fEEE29 85 0.4 26.20 0.92
11000 11302980040 1102|—fEEE29 85 1 17.93 3.35
11000 11302980030 1101|—fEEE29 88 0.6 19.12 1.88
11000 11111100050 [NESS S A=EESE 0.9 37.23 1.45
11000 11111100040 IERERNREEEE 1.1 46. 31 1.43
11000 11111100030 IEFNIREHENEE 1 46. 31 1.30
11000 11111100020 S| EFNREENEE 2.1 32.08 3.93
11000 11111100010 INERERNREEEE 2.1 84. 89 1.48
13100 13111100010 30005| RS IR E B E S 1.3 84.89 0.92
- - - SV ERBAE XS (B~ 4A) 16 80. 00 12. 00
13000 13110100010 30004 | R £ = E K 0.5 64.53 0.46
14130 14110100010 R SEER 1.9 64. 53 1.77
14130 14110100020 HETAESEL 2.4 64.53 2.23
14130 14110100030 | REERER 1 70.50 0.85
14100 14110100040 30001 3 £ &l B 4.8 70. 50 4.09
14100 14110100050 HEEAESEL 0.8 70.08 0.68
14100 14110100060 | REERER 1.1 70.08 0.94
14100 14110100070 R SEER 0.4 70.08 0.34
14100 14110100080 HETAESEL 4 70.08 3.42
14100 14110100090 | REERER 0.4 68.16 0.35
13000 13300160010 1001| —fEEHE 1 6 5 0.2 15. 87 0.76
14100 14300160770 11031|—fEEE 1 65 0.2 46.58 0.26
14100 14300160760 11031 | —f¢EE1 6 5 0.1 46.58 0.13
14100 14300160750 11031 | —f¢EE1 6 5 1.4 46. 58 1.80
14100 14300160320 11030| —#EEE 1 6 5 (Rt~ B/NA/8R) 2 22.15 5.42
14100 14300160330 11029[—fiEEE 1 6 5 (R #» B/NA/3X) 2.8 29.15 5.76
14100 14300160340 11028| —f¢EE 1 6 5 (RE # B/ A /3R) 1 36.92 1. 63
14100 14300160350 11028| —f¢EE 1 6 5 (RE » B/ 1 /3R) 1.8 50.04 2.16
14100 14300160360 11028 —f2EE 1 6 B (B 5+ B/ 1/ /8R) 1.1 31.83 2.07
14100 14300160370 11025| —fBEE 1 6 5 (R # BINA/8R) 1.3 62. 89 1.24
14100 14201400100 504| EEME)I| 3 BITIGHR 0.9 37.72 1.43
14100 14201400070 504| ERM R 3 FIFIHIR 1.5 56. 60 1.59
14100 14201400060 504| SE ML) 3 SIS 0.7 61.31 0. 69
14100 14300160220 1024| —fEEE 1 65 0.8 17.36 2.76
14100 14300160230 1024| —fEEE 1 65 0.4 12.23 1.96
14100 14300160240 1024| —fEEE 1 6 5 0.2 15. 45 0.78
B 64.8 90

BEL : H22 JEE A A
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3. EMYpROER

# 3-2.12 B ER/\UL—h)

- . . 5 BT | FTERR
;;E’;;r'; L | sxzmEs H‘ggx B2 EEE:";‘ WHRATE | ()

0 E (km/h) | FFHIEM
13100 13604430010 6056 | 7 H = BT AB BT #i 1.9 20. 05 5.69
13100 13403110330 4077|3R4K 8 4% 0.2 17. 91 0.67
13100 13403110320 4077|3R4k 8 B¢ 0.1 10.25 0.59
13100 13403110310 4077|3R4K 8 5% 0 0.00 0.00
13100 13403110300 4077|31R4K 8 4% 0.2 12.817 0.93
13100 13403110290 4077|3R4K 8 B¢ 1 17.05 3.52
13100 13403110280 4076|354k 8 5% 1.4 18.93 4.44
13100 13403110270 4076|IRIK 8 R 1.9 14.67 1.77
13100 13400070440 44005( 423t dp &= B EF 4R 0.2 9.74 1.23
13100 13403110250 44005 |31k 8 B8 0.3 10. 44 1.72
13100 13400140310 44005 | #r7E E LR 1.1 15. 41 4,28
13100 13403110230 4075[1IRIK 8 B 0.2 11.68 1.03
13100 13403110220 4075|I1R4K 8 B & 0.2 11.68 1.03
13100 13403110210 4075[1RIK 8 4% 0.4 11. 68 2.06
13100 13403110200 4075[1RIK 8 B & 0 0.00 0.00
13100 13403110190 4075|I1R4K 8 SR 1.2 16. 31 4.42
13100 13403110180 4075|1RIK 8 4% 1.3 23. 01 3.39
13100 13403110170 4074[1RIK 8 4% 1.4 26.28 3.20
13100 13403110160 4074|IRIK 8 E#E 1 18.20 3.30
13100 13403110150 4074[1R1K 8 4% 0.9 14.21 3.80

& 14.9 53
EEE : H22 B H A A
#* 3-2.13 PBi@E% OMEAL— )
o e . - RMEEE | BTERER
;E&E;_i r; EARMES ”‘ggx B2 %E:f iATE | ()

- BE (km/h) | E BB
13100 13400240010 4026 | #E S FTiR#R 0.5 15. 49 1.94
13100 13400240150 14026 | %% E AT iR % 0.7 16. 24 2.59
13100 13118000010 1| EEEE 0.8 29. 51 1.63

- - - NRFRERXE(BAE~R%) 16 80. 00 12.00
13000 13110100010 30004 | R & =& E i 0.5 64.53 0.46
13100 13403110150 4074[3RK 8 B4R 0.9 14.21 3.80

g 19. 4 22

Bk 122 IEHASE T VA
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3. EMYpROER

7 3-2.15 B (HLOsBL— B)

o . . - TRMEFTY | ATERR
;;gf};ir; e B Tt RATEE | ()

2] (km/h) FHIEM
11100 11300170930 11012|—f¢EE1 75 0.8 12.44 3.86
11100 11300170920 11011|—fgE®E1 78 0.1 16.98 0.35
11100 11300170910  11011|—f¢EE1 7 5 1.1 16.98 3.89
11100 11300170900 11011 |—f¢EE1 75 1.8 19.17 5.63
11100 11302980080 31102| —fiEiE2 9 8 5 0.5 21.90 1.37
11000 11302980070 1102|—f#EE2985F 0.1 18.35 0.33
11000 11302980060 1102|—f2EE2985F 0.2 17.20 0.70
11000 11302980050 1102|—f2EE29 85 0.4 26. 20 0.92
11000 11302980040 1102| —figEE298 5 1 17.93 3.35
11000 11300170040 1041|—fEEE1 75 0.6 28.39 1.27
11000 11300170030 1041 —fBEE1 75 1.7 25. 40 4.02
11000 11200500020  30510| 53 5 Sit 45 0.6 22.89 1.57
11000 11200500030| 30510| 5% 5 5ithiZig 0.1 22. 89 0.26
13100 13200500180 520| &% 5 SRR 0.7 22. 89 1.83
13100 13200500170 520|553 5 Bith 4R 1.2 22. 89 3.15
13100 13200500160 520| 5k 5 iR 3.2 29.14 6.59
13100 13200500150 520|553k 5 Bith iR 2.9 49. 53 3.51
13100 13200500140 520| 5k 5 St R 1.2 48.16 1.49
13100 13200500130 510| =k 5 St B4R 1 49. 55 1.2
13100 13200500120 510| Zik 5 Bith iR 0.1 34.90 0.17
13100 13200500110 510|Z#k 5 St BR 0.2 34.90 0.34
13100 13200500100 510 Z& 5 Bt iR 1.5 44.17 2.04
13100 13200500090 510| 5k 5 Bith iR 1.3 44.51 1.75
13100 13200500080 510|Z R 5 5B 0.4 44.51 0.54
13100 13200500070 510| 5k 5 Bith 2R 1.3 39. 21 1.99
13100 13200500060 510| H#k 5 BB HR 0.5 40.14 0.75
13100 13200500050 510| =i 5 St HR 0.7 40.14 1.05
13100 13200500040 510| 53k 5 Bith 28R 0.4 21.51 1.12
13100 13200500030 510| R 5 5B 0.1 21.51 0.28
13100 13200500020 510 EE 5 B ith 4R 1 21. 51 2.79
13100 13200500010 510| H#k 5 BB 0.8 18.06 2.66
13100 13200020040 502| E R AR L ERAK R 1 23.86 2.51
13100 13200020050 502| SR EB L ERAIKER 0.1 14. 45 0.42
13100 13200020060 502| = R AR L ERAR R 0.6 14. 45 2.49
13100 13200020070 502| & AR L ERAK R 0.2 17.39 0. 69
13100 13200020080 502| SR AL R KR 0.2 23.33 0.51
13100 13200110010 506| =i 1 5 5% 0.9 51.96 1.04
13100 13200010010 501 | SR EB LR IRER 0.9 65. 71 0.82
13100 13200010020 501 | SR AR ERR AR 0.9 71.95 0.69
13100 13200010030 501 | EnRANDIRIKER 0.1 57.22 0.10
13100 13200010040 501 | Z R AD LR IRER 0.2 60. 90 0.20
13100 13200010050 501 | SR AR L ERAK AR 0.5 63. 42 0.47
13100 13200010060 501 | &R AL R ER 1.1 65. 51 1.01
13100 13200010070 501 | &R AR L R KER 0.4 65. 51 0.37
13100 13200010080 501 | &R AL ERIKER 0.6 60. 81 0.59
13100 13200100010 505| &F 1 B FHEE 0.6 33.25 1.08
13100 13200100020 505| & 1 S HEE 1.1 29.24 2.26
13100 13200100030 505| & 1 S P HR 1.9 36. 89 3.09
13100 13200100040 505| 5k 1 S FHEE 1.7 36.89 2.77
13100 13200100050 505| =i 1 S FHE 1.6 36. 89 2. 60
13100 13200100060 505| & 1 BEFHEE 0.6 73.50 0.49
13100 13200100070 505| 5k 1 S HEE 0.6 74.75 0.48
13100 13200100080 505| =ik 1 S HER 0.8 74.75 0.64
13100 13200100090 505| & 1 EFHE 1.1 71.34 0.85
13100 13200100100 505| 5 1 S FHEE 1.3 70.12 1.11
13100 13200100110 505| =i 1 S P HER 0.8 67.84 0.71
13100 13200100120 505| &k 1 5P HER 0.7 68. 71 0. 61
13100 13201100010 30516 | S E M) 1 S TR 0.9 68. 71 0.79
14130 14201100010 501 | ERMZ )l 1 SHEPR 0.8 65. 39 0.73
14130 14304090060 1055| —f¢EE4 095 0.3 10.02 1.80
14130 14304090070 1055|—fEEE4 095 2.4 20. 64 6.98
14130 14304090080 1055|—figEE4 095 0.6 15.57 2.31
14130 14300150010 1011 |—HEE155 0.6 41.90 0.86
14130 14300150020 101 |—#EE15% 0.2 18. 66 0. 64

& 53.8 103

Bl H22 iEEE A EE Y R
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#* 3-2.16 Ptk OMEL—h)

o s . - IR | AT ERFR

ggg;i; xxzmes |27 B p waEE | ()
oo (km/h) TREM
11100 11300170930| 11012[—f¢EE1 7 5 0.8 12.44 3.86
11100 11300170920 11011 |—f3ELE1 7 & 0.1 16.98 0.35
11100 11300170910] 11011|—f%EE1 75 1.1 16. 98 3.89
11100 11300170900 11011 |—f3EE1 7 & 1.8 19.17 5.63
11100 11302980080| 31102|—f3E&E 29 8 & 0.5 21.90 1.37
11000 11302980070 1102|—fEEE29 8 5 0.1 18.35 0.33
11000 11302980060 Ho2[—fEE298%F 0.2 17.20 0.70
11000 11302980050 1102|—fEEE29 85 0.4 26. 20 0.92
11000 11302980040 1102|—fEEE29 85 1 17.93 3.35
11000 11302980030 1101|—fEEE29 85 0.6 19.12 1.88
11000 11111100050 N ESSSA=FEST 0.9 37.23 1.45
11000 11111100040 MESSEASEESC 1.1 46. 31 1.43
11000 11111100030 IEFENIREBEE 1 46. 31 1.30
11000 11111100020 HESISA=EESE 2.1 32.08 3.93
11000 11111100010 IERNEEBEE 2.1 84. 89 1.48
13100 13111100010  30005| 4 IR H EhEEE 1.3 84.89 0.92
- - - SMRBHE X (B~ A) 16 80. 00 12.00
13000 13110100010  30004| 3 £ SHEE g 0.5 64.53 0.46
13100 13403110150 4074[1RHK 8 iR 0.9 14. 21 3.80
13100 13302460260 1116|—fEE24 65 0.6 23.28 1.55
13100 13302460270 M7[—#EE2465 1 36.40 1.65
13100 13302460360 31117|—fREE 2 4 6 B 0.6 1.78 4.63
13100 13302460370| 31117|—fkEiE2 4 6 & 0.3 7.88 2.29
14130 14302460680 1033[—fEEE24 65 0.3 8.99 2.00
14130 14500010050 4027| EZELR 1.3 11.05 7.06
14130 14500010040 4027| EZER 0.8 31.36 1.53
14130 14500010030 4027 E L R 5.2 31.36 9.95
14130 14500010020 4026| =L ER 0.6 30.20 1.19
14130 14500010010 4026| =L ER 3 30. 20 5. 96
14130 14304090110 1054[—fEEE4 095 0.4 39.10 0.61
14130 14400090020 4009 )11 AT R R 0.4 16. 85 1.42
14130 14400090010 4009 J 111 FF o 45 0.9 16.85 3.20
g 47.9 92

BEL : H22 JEE A A
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(5) 138
HEFHE R BV - 70 L) 10k A8 (CO2, NOX, SPM) 1£3-1. (4) EHAEREOHHRER K
D, AR EFHI~EFL) DEEINAZEICEVUTDOERY Lo TWNA,

DHFREBOERICKYEIBSNSBEHENSDCO 2HHE
2) WTRMFIZH D EBEN 5DN O 2 BEHAEER
BLEFICHIT2BEBEMN D SPM HEHHAIR R

# 3-2.17 B (CO2, NOX., SPM) Hi5

IEYaliil
Hus CO2#FHHE (/%) | NOXHFHE (/%) | SPMHEHHE (t/4F)
XEla XfEa XEa
HEE | HIEE | HE=E | BlIEE | BiE=E | BIEE
Ei},;%_? f:iffj*ﬁ% 178,000 0.4% 283 0.5% 14 0.5%

KX a LT, UEFRICL DB EZIT DKM (FRIE L THERERITrOMERY > 7)
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3. EMYpROER

() ElrhROEE

1) ETEE L RE DR

] T HANBORFR A /EATE R [ BB YRR ERIL) (2 kDL, TV ) U RAEOFEREE L
PEHBE BEOBURIILITD LY Lo TS,
—J7, ErmE [HEERENEE B HER) ik, AV Y EO 1A 1Y) ETF I XAEA
“C 23.85km/ H ., HHEMT67.67km/ H & 725 TV | WD 20km/h 7>5 30km/h (27 E L7284, BFEM
TAERIKI 26,000 I, “E2EHTHKI 74,000 [ ) AREREE 725,
SR (BAB~B4) OEAHIZ L0 | Bk SRR LR EAK B, 7Y U AAROBIBEIRF TX 5,

OFETERE & RE DR

a. FHEC

PRBHEE 8 (cc/km) =829.3, v —0.8572X v +0. 007659 X v 2 +64. 09

b. B HRER

RE (km /L)

20.00
18.00
16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00

0.00

/ #ME 20km/h:109km/I |

/ HFE 30km/h:13.7km/I

/ HFE 40km/h:15.9km/I
0 10 20 30 4 50 6 70 8 9 100 110 120

EE (km.~h)

TR E RO S BFEETE R No. 141 T H B BLHEHERE D EARIL

4 3-3.1 EFTHEE & RE ORISR
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# 3-3.2 R LT YU ARHITBENE

BMEZXMA(23.85km/A)
EITIERE | ME | REAVIY | AVIEI #H 1EMBE
FEE | (km/H) | (km/1) (kL) (A1) (H/8) (M/£)
@ @ @/Q=® @ @x@=0 ® x 365
20km/h 23.85 10.9 2.2 161.7 354 129,141
30km/h 23.85 13.7 17 161.7 281 102,747
20km/h&30km/h D 2 26,394
KEITIERE (L. BERARRMAEERGTER(ELRES)
KRET. BBEHFHFHOEERL (B LR ESHRMERLVER)
XAV EEIE, AV - ATRERETEIRNAVI(2014.3.1 78 =) ORREHL ¥ 5—H V) B
WEXR(67.67km/B)
EITIERE| ME | REAVIY | AVUEIE #H 1EMBRE
FEHERE | (km/B) | (km/I) (kL) (H/1) (M/8) (F/%)
@ @ ®/@=0® @ ®x@=® ©® x 365
20km/h 67.67 10.9] 6.208256881 161.7 1,004 366,414
30km/h 67.67 13.7| 4.939416058 161.7 799 291,527
20km/h&30km/hDE 74,888
KETIERMT. BERAERMEEERHFR(ELRES)
KRB (L, BBEHHFRROEERN(ELEFREMRMENIYER)
XAV EAfIE, V)2 - ATRERIERNAVI(2014.3.1 78 5) DRFEHML F15—H VY EIl
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3. EMYpROER

2) REfEMEREE R LB
HERHRER (BlEH Y - 72 L) (X DEFRMEENER BRI T O LB TH D,
HhER (BEE~TRA) 2V S LD 2 SIS & 0K 12 fEH /AR ORFEIEIRIE R RS2 ROA £ 5,
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where
ety and t are the journey times before and after the change for
the journey fromitoj (seconds)
e Aogjis the change in standard deviation of journey time for the
journey fromitoj (seconds)
e djisthe journey distance fromito j (km)

The reliability benefit is therefore calculated using:
'T. ., +T i1

Benefit = — Z Ao, *| —= ] * VOR
i \

2

Note that the value of reliability (VOR) is obtained by multiplying the value
of time by the reliability ratio and Ty; and T;, are number of trips before and

after the change.
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Department for Transport Homepage
2008.http://www.webtag.org.uk/sitepages/ne
ws.htm

TAG Unit 3.5.7 - -+ provides guidance on the
estimation of monetised estimates of reliability for
motorway and dual carriageway schemes and for
public transport schemes.

TAG Unit 3.5.71%. (FhBE) §p4R- 25 §R3A.
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Department for Transport, "The NATA
Refresh” October 2007

the Department released guidance on how to apply
monetary values to the assessment of noise and
greenhouse gas impacts within transport appraisals.
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Monetary values for the health benefits of walking
and cycling have recently been included within
NATA guidance on walking and cycling proposals.
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bk, RiEICH-THIT-HA o)1
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Department for Transport, “Transport
Analysis Guidance Unit 3.6.1, The Option
Values Sub—Objective” June 2003

Methodologies for calculating option values and
avoiding the double—counting problem noted above
are discussed in an unpublished report to OPRAF
entitled Planning Criteria Research Requirements
(ITS, March 1999).
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Department for Transport Homepage “Wider
Economic Benefits in the NATA Refresh —
Summary of Discussion Seminar Slides”

February 2008

we will provide guidance to appraise the wider
economic welfare impact from transport.
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Department for Transport “"Guidance on
value for Money”

Poor VIM: BCR less than 1

Low VfM: BCR between 1 and 1.5

The second column makes it clear that the starting
point for the groupings is the BCR, but significant
non—monetised impacts also need to be examined
to see how they increase or reduce the overall
value for money assessment.- - -non-monetised
impacts need to be unusually high to move an
option two or more 'value for money’ categories.
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The Reliability Sub-Objective
TAG Unit 3.5.7

April 2009
Department for Transport

Transport Analysis Guidance (TAG)

This Unit is part of a family which can be accessed at www webtag.org.uk
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The Reliability Sub-objective

Introduction

In this sub-objective, the impact of a proposal on improving journey time
rediability for transport users is assessed.

The term reliability will be usad in this document to refer to travel time
varability or journey time vanability.

This Unit represents the cument state of knowledge. This is a rapidly
developing arsa where we are likely to leam from further research The
recommendations on reliability set out in this Unit are made within the
context of what is achievable using the existing knowledge base.

Section 2 discusses the measure of reliability for different modes. The
appraizal of travel time varability iz described in section 3. Section 4 looks
at the appraisal of public transport. A discussion of the theoretical basis for
the valuation of reliability iz given in Annex A. The approach used fo
appraise reliability in uban areas is described in Annex B. Annex C
dizcusses the collection of local data to evaluate travel time varability. The
calculation of mean and vanance of travel ime is explained in Annex D.
Incident assessment using the updated INCA software iz described in
Annex E and finally, the stress based approach which is used in appraizing
reliakility on single camiageways is described in Annex F.

Measures of Reliability

Reliability iz defined as variation in journsy times that drivers are unable to
predict. Hence reliability iz confined to random effects. It arises from either
variability in recurrent congestion at the same period each day - Day fo
Day Vanability (DTDV) or varability in non-recurrent congestion such as
incidents. It excludes predictable wvanation relating to varying levels of
demand by time of day, day of week, and seasonal effects which travellers
are assumed to be aware of.

Hence any calculations of changes in reliability must first remove the
efiects that are atiributable to predictable varation. Once we are left with
only unpredictable variation, the appraisal of transport schemes or policies
should aim to place a value on any changes to this joumey time varability
because of the extra costs it incurs on drivers and passengers.

Current theorstical approaches (see Annex A) suggest that slighthy
different definitionzs of "reliability’ are used for public transport and private
vehicle travel.

For most public transport journeys, the existence of imetabled armival imes
means that it i= usual to consider refiability in terms of lateness, defined as
the difference between fravellers’ actual and timetabled armival times.
Adopting this definition means that armival before the timetabled amival time
is usually ignored. This is based on the assumplion that the operation of
public transport generally acts to avoid eardy amival. Two measures of
lateness must be considered: average lateness; and the variability of
lateness, measured by the standard deviation of lateness.

For journeys by private road vehicles (including road goods vehicles), it is
reasonable to expect travellers to be aware of the average joumey time,
including variations caused by factors such as different traffic conditions at
different times of the day. Thus reliability should be measured in terms of
the unpredictable wvariability in travel times about these averages,
measured by the standard deviation of travel fime.
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To estimate the monetized benefit of changes in the variability of lateness
(for public transport) or of joumey time (for private road vehicles), money
values are nesded. The concept of the reliability ratio enables changes in
varability of lateness or of journey time to be expressed in monetary terms.
The refiability ratio is defined as:

Reliability Ratio = Value of 5D of travel time { Value of travel time
or
Reliability Ratio = Value of 5D of lateness / Value of lateness

In addition, for public transport, the calculation of the monetised benefit of
changes in average lateness also requires suitable money values. The
value of average latensss may alzo be expressed in relation to the value of
travel time:

Value of lateness = factor * value of travel time

Mote that it iz possible to estimate the benefits of changes in average
lateness without alzo estimating the benefits of changes in the varability of
lateness.

Evidence on values for these measures is of variable quality. However,
some broad conclusions presented in the PDFH" can be drawn, as follows:
the value of average lateness for public transport is broadly the same as
the value of ime spent waiting for public transport, that is, 2.5 the value of
in-vehicle time; the value of the reliability ratio ranges from 0.6 to 1.5 for
public and about 0.8 for private passenger travel.

In order to uze these results it is necessary to be able to specify how a
fransport intervention will affect public transport lateness andlor private
vehiclke reliability.

For multi modal studies, highway and public fransport reliability should be
appraised separately, employing the methods currently available for each
mode.

What is therefore required on the highway side to assess reliability is:

to model the impact of incidents on average joumey time, and

+ o model the level of variability (remaining with the approach of
representing this by the standard deviation of travel fime) associated
with both incidents and DTDV.

How this can be done in practice iz discussed in Section 3.

For public transport and heavy rail in particular, it is certainly the case that
standard modelling will make use of scheduled journey times (though the
freatment of waiting time might be done differently). The implication
therefore is that in respect of reliability both the mean extra time and the
standard deviation need to be modelled.

Private Vehicle Travel

Introduction

A key element used in a highway scheme appraisal is the expected
average journsy time on the day of the week and at the time of day in
guestion. This can be complemented by an assessment of reliability, which
may reflect:

+ the consequences for subsequent activities should unexpected variability arise;

' POFH is a technical document, sumMMarnizing reseanch on the various factors affecting forecasts of demand for
passenger @il senices, published by the Passenger Demand Forecasting Council. | is not a public document and
is only avalable on subscription from the Association of Train Operating Companies.
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+ the likelihood of encountering an incident which reduces capacity and
+ pther implicit effects which cause unreliability and vanability in the
average joumey times.

3.1.2  Reliability can be measured by the standard deviation of joumey time at a
given time of day, or by the coefficient of variation (CV) which iz defined as
the ratio of the standard deviation of journey time to the average jourmney
fime. Either measure can be used when appraising proposals to improve
the reliability of private vehicle travel.

3.1.3  Typically, road journeys that are repeated on a number of occasions are
likely to take slightly less time than the average with a small number of frips
encountering significant delays. The latter have a disproportionate impact
on the standard deviation. The following boxed example {alzo used in
Annex C) demonstrates this point through the use of a simplified example.

For example the reliability of a joumey to work by road, which normally
takes 30 minutes, but typically over the five day week encounters delays of
20 minutes on one random weekday and 10 on another, can be expressed
as follows:-

Average joumey time iz 36 minutes per trip.
The variance in the journey time is 64 minutes squared.

The standard deviation (SD) iz 8 minutes per trip {the square root of the
vanance)

(See Annex D for more detail )

314 The Reliability Ratic expresses the value of varability of journey times,
measured using the S0 of jourmney time at a particular fime of day, in
comparizon to the value of journsy time. There is a limited amount of
evidence on the values to be applied to the standard deviation of travel
fime - the ‘value of relighility’. This comes from a variety of sources, but
has usefully been pulled together through a workshop amanged by the
MNethedands Ministry of Transport (The value of Reliability in Transport,
2005). Using the value of time in WebTAG Unit 3.5.6, the value of the
standard deviation of journey times can be calculated using the
recommend refiability ratio values below:

Journey purpose Aode Reliability ratie

Commuting / business / othars Car 0.8

3.1.5 The way in which the change in the level of JTV s forecast will, in the light
of curment knowledge, wvary according fo the context. Different
methodologies have been developed for inter urban motorway and dual
camiagewsay roads, urban roads, and other roads, as discussed below. In
appraising travel time reliability on highway schemes, it is important to
distinguish whether the scheme being appraised is an Urban Road
(defined uzually as having a speed limit of 30 or 40 miles per hour) or Inter
Urlsan Road {which usually have a speed limit of S0 plus miles per howr).
On Inter Urban Roads (taken to include all Highways Agency roads) it is
alzo important to further distinguizh between Motorway roads, Dual
camiagewsay roads and single camageway roads.

Page 3
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Inter Urban Motorway and Dual Carriageway Variability

Research (Arup, 2004) has shown that as long as demand is below
capacity, incidents will be the main source of JTV, and DTDY iz much less
important except in urban arsas where the two effects cannot be readily
separated. The additional delays caused by congestion unrelated fo
incidents and any associated variability can be assumed to be allowed for
in the journey time forecasts. However, in the case of delays due fo
incidents a separate element for average delays will usually nesd to be
added to the variability element.

The research led to the development of a computer program INCA and
associated advice note, which provides details of how to estimate the
monetized benefits of measures affecting joumey time varability covering
incidents on motorways and dual camageways. The model derivation
assumes a dual camageway layout and the parameters are based on data
for motorways only. It is therefore not suitable for single camiageways,
though the model may be used for dual camiageways as well as
motorways. The resuling estimates of benefits cannot be taken to be as
robust as those for time savings or accident reductions, for example.
However, it is thought that a monetary benefit estimate will be of more
value to decision makers than the qualitative score that can be presented
in the Appraisal Summary Table. INCA reflects how delays caused by
incidents vary according to the seventy and length of the incident, the
number of lanes blocked and the volume of traffic at the time. Changing
the number of lanes available to traffic changes both the probability of
encountering an incident (or its aftermath) and the delays caused by
incidents.

For motorways and dual camageways, altemative routes awoiding
particular sections usually have limited capacity making it difficult for large
numbers of drivers to divert if they encounter delays due to an incident. In
the absence of significant “transient excess demand” (temporary perieds of
demand exceeding capacity), incidents are the main source of
unpredictable vanability and the methods set out in the INCA advice should
be wused. However, it is important to note that the research underlying this
advice cumently incorporate what are intended fo be conservative
assumptions, which will be refined in due course. The reliability benefits
calculated by INCA only for motorways and dual camiagewsays should be
incorporated as follows:

*  The reliability benefits should NOT ke included in the Analysis of
Monetised Costs and Benefits table and thus not be included in
estimates of the MNet Present Value (NPY) and Benefit to Cost Ratio
(BCR] for the transport intervention, but

#  SHOULD be included in the Appraizal Summary Table for the transport
intervention and thus be taken into account in the assessment of the
overall value for money of the transport project.

Urban Road Variability

Models predicting joumey time vanability from all scurces have been
developed for urban areas. In such areas altemnative routes are more
readily available than on motorways and there are many ways for drivers to
divert away from incidents which reduce capacity on a pariicular route.
Thiz affects the relative importance of incident and day to day varability
(DTDV) effects.

Initially models were developed for the London Congestion Charging study
in 1993, These were modified using addiional data collected in Leeds
(2003) with these improvements reported in Arup (2004). In 2007, Hyder
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34

341

34.2

343

Consulting in collaboration with lan Black and John Fearon were
commissioned by the DfT to further develop the travel time variability
relationships for a wider sample of urban routes. Theses routes are spread
over the 10 largest urban areas in England as identified in DfT's Public
Service Agreement (PSA). The analysis in the research was based on
ITIS/CJAM (Congestion and Joumey-fime  Acquisition and Monitoring
System). See Annex F for more details on the analysis. The form of model
developed forecasts the Standard Deviation of Journey Time from Journey
Time {t) and Distance (d) for each origin to destination fiow. Under the
further assumptions that distances and free-flow speeds do not change as
a result of the scheme, the change in journey time variability (represented
by Agy) is given by

L o -14

ﬁ.al.’. = 0.0018 (i‘,}.l‘ —:’-,’,1‘ vd,
where
* 1, and f; are the journey times before and after the change for
the joumey fromito | {(seconds)
*  Agyis the change in standard deviation of joumey time for the
joumey fromitoj (seconds)
+ dyis the joumey distance from i to j (km)

The reliability benefit is therefore calculated using:
Tyy + Ty )

Bengfit =-3% Ao, *[ * TOR
i .

A

Mote that the value of reliability [VOR) is obtained by multiplying the value
of time by the reliability ratio and Ty and Tz are number of tiips before and
after the change.

Although the model above can be used to estimate the effect of schemes
and their reliability benefits in urban areas, a locally calibrated model or at
least a local validation is preferable. Advice on this is provided in Annex C.
Once again, any estimates of benefits arizing from application of the
methods should be identified separately from cther economic benefits.

Other Road Types

For joumeys predominantly on single camageways outside urban areas, it
i5 not currently possible to estimate monetised reliability benefits. Instead,
the assessment of changes in reliability should be based on changes in
'stress’, the ratio of the annual average daily traffic (AADT) flow to the
Congestion Reference Flow (a definition of capacity). Reliability of road
journey times is believed {on the basis of work camied out for DfTs ITEA
Divizion) to decline as fiows approach capacity. Thus, "stress’, ks, with
some limitations, considered to be a reasonable proxy for reliability.
Detailed advice on stress, including the definiion of Congestion Reference
Flow, is provided in DMREB Vol 5.1.3. The method to be used iz described
in detail in Annex F below.

A workzheet is provided so that values for improved rediability can now be
calculated and results presented in @ consistent manner.

Experience to date has shown that schemes which reduce congestion, by
reducing the joumney fime spent queuing, also reduce the varability of
journey times. The effect is largest on motorways operating nearest
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412

4.2
421

422

423

424

43
431

capacity. The effect is less in urban areas, because more allemative
routes ars available in urban areas.

Public Transport

Valuation

It is likely that some passengers, particulary infrequent travellers, will be
unaware of predictable varation. Indesd evidence from the Passenger
Demand Forecasting Handbook (POFH) for rail suggests that only 25% of
passengers are aware of advertized delay”™. For those passengers unawars
of this predictable delay the increase in joumey time can be treated as
unpredictalde variation.

This iz eqguivalent to a lateness factor of 2.5 for all advertized delay. This is
because the predictable and unpredictable lateness factors (1 and 3
respectively), when weighted according to the 2575 split, produce an
average lateness factor of 2.5 In the absence of similar evidence for
private travel the following recommendation applies only to rail travel.

Theory and practical constraints

For projects where passenger performance improvements are to be fully
assessed, a detailed reliability assessment should provide evidence on
how improvements in reliability are to be achieved and the expected
consequential effects within the principles set out below.

Due to the existence of imetables for public transport the analyst should
focus on delay, rather than joumey time in appraising reliability. This
practical constraint comes from the rail industry performance data and not
from something inherent in all public transport. For raill we use the term
performance to capture the impact of both punciualiy and refiability.
Punctuality concemns whether trains armive at their scheduled time. When a
train fails to run, or does not stop at all its scheduled destinations, it is said
to contribute to unreliakility (the rate of cancelled frains).

In contrast to the highway case, where the traveller has the possibility of
continuous adjustment of hizs deparure time, most public transport is
characterized by the existence of a timetable, with only discrete
possibiliies for departure. As can be expected, this leads to further
disutility associated with the service interval. The disutility resulting from
discrepancies between Prefered Arrival Time (PAT) and scheduled arrival
time would exist even with 100% reliability, therefore the costs associated
with discrete departure times can effectively be ignored when valuing the
effects of a change in reliability. When public transport timetables do not
comespond well to the timing of an individual user's activities (i.e. their
PAT), some travellers may actually find the variation beneficial.

|deally waluation of reliability would be based on the difference between the
passengers PAT and their actual armival time. However we have very little
knowiedge about passengers’ PATs.  For thiz reason we adopt the
scheduled arrival time of a service as a proxy for the passenger's PAT. It
is the difference between scheduled amival time and actual amival time
which is used to measure a passenger's delay.

Consequences of Delay from a rail perspective

Disutility from unpredictable variation has two elements. The first and most
significant element is the consequences of amiving late (missing meetings,
unproductive use of time, etc). This is measured using mean delay and

! This has been generalized from reseanch camied out by SDG in 1295 on delays caused by advertised engineering

works.
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valued by applying the appropriate lateness factor. Mean delay cannot be
interpreted as a component of journey time because of its uncertain naturs.
Mean delay should contain only unpredictable delay. Any predictable
delay should be removed from the calculation and treated as additicnal
joumey time.

Research has assessed the perceived weighting of lateness relative to in-
vehicle time in order to place a value on the consequences of armiving late.
Estimates of the value of this lateness factor vary between 1 and 5,
according to a number of variables such as the type of service and the
joumey purposs.

Variation in Delay

The zecond element of disutility anses from the additional cognitive burden
of unpredictable variation and can ke descrbed as the intrinsic imtation
factor arising from wvaration in amval fimes. This is most accurately
measured using the standard deviation of joumey time and wvalued
according to the appropriate reliability ratio.

The reliability ratio allows us to represent the vanability of delay, measured
by the standard deviabion of delay, in terms of an eguivalent change in
mean delay. The recommended reliability ratio values are shown below:

Journey purpose Mode Feliability ratio
All Train 14
Al Bus‘trammetro 14

If the reliability ratio has a value of, for example 0.5, then a 1 minute
reduction in the standard deviation of delay is equivalent to a 0.5 minute
reduction in mean delay.

Given that it is rare that we ever have a complete knowledge of the delay
distribution with which to calculate the standard deviation of joume;; time
an altemnative method can be used. Research by Bates et al® has
suggested that it is the “pure” lateness effect which tends to dominate the
calculations, because the effect of varability is less important given that rail
passengers have already made some “compromises” in sekecting amival or
departure time of their preferred scheduled train. Indeed, as noted earier,
gome fravellers may find that variability brings them closer to their
prefemed amival time than an “on-time” amival would. Consequently a 20%
uplift of the lateness factor iz an acceptable proxy for the additicnal
disutility incurred as a result of variability in delay.

Lateness factor

Therefore a central lateness factor of three, which includes the wplift of
20% for a change in variability, should be used in the general case. Where
sufficient evidence can be provided to justify the application of a different
lateness factor a value higher or lower than 3 should be adopted.  In the
general case one minute of average lateness is valued by passengers as
being equivalent to three minutes of scheduled joumey time. This
conversion to scheduled joumey time allows us to place a monetary value
on reliability using the appropriate value of time.

* *The Valuation of Relizbility for Personal Travel' by Bates ef al, Transportation Research Part E 37

(2001).
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471

5

‘Where no delay data is available for an intermediate station the analyst
should u=e delay data from the final destination. In thiz case it may be
appropriate to use a different lateness factor. But a robust raticnale should
be provided for any departure from the recommended central factor of 3.

Early arrivals

The theory of Bates et al states that early arrival contributes to variability.
They recommend that early amival is given the same weight as late arrival
but the opposite sign. Eary amivals are recorded but not included in the
Public Performance Measure (PPM). k is therefore recommended that
early amivals are treated as on time and, as a result, excluded from
calculations of mean delay and varance of delay. It is recognised that this
is not the ideal theorstical approach, or the method outlined by Bates et al,
but that it represents a pragmatic approach.

Reliability

A measure of rail performance must also examine the rate of cancelled
services or reliability. To make allowance for the total lateness caused by
cancelled frains we usually multiply the service interval by 1.5, This
cancellation factor is in line with the notion that in this case the delay
impacts on waiting rather than in-vehicle time. Waiting time incurs higher
disutility than in-vehicle time because of the additional discomfort involved.
The resulting lateness should then be multiplied by the lateness factor of 3
to capture the full costs of poor performance.
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Further Information

The following documents provide information that follows on directly from the key

topics coverad in this TAG Unit.

For information on: See: Link:
Appraisal Summary Table Transport Appraizal and the | TAG Unit 2.5

New Green Book TAG Unit 2.7
Values of Time and operating | Values of Time and TAG Unit
costs Cperating Costs 356

Congestion reference flow OMREB Volume 5
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Document Provenance

This version of this Transport Analysis Guidance (TAG) Unit became definitive
guidance in April 2009,

Technical queries and comments on this TAG Unit should be refemed to:

Integrated Transport Economics and Appraisal (ITEA) Division
Department for Transport

Zone 306 Great Minster House

76 Marsham Sirest

Londaon

SWIP 40R

iteagbdft.gsi.gov.uk

Tel 020 7944 6176

Fax 020 7944 2195
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Annex A - General Principles

Travel time variability (TTV) or Journey fime varability (JTV) iz defined as
vanation in jouney times that travellers are unable to predict. Since the
essence of any measure of varability (such as varance) relates the
varnations to the expected value, altemative definitions of the expected
value will clearty have an impact. A failure to clarfy this point in the past
has led to much confusion of measurement. In general, it is sensible to
remove as far as possible any nonrandom effects. The term travel time
varability and joumey time wvarability will be used interchangeably
throughout this guidance as they both mean the same thing.

Travel time varability iz an increasingly important issue. Travellers are
sensitive to the consequences, such as prolonged waiting times, missed
connections and arival at the destination either before or after the desired
or expected armval ime. This leads to an analysis in which the traveller is
conceived of as choosing between travel altematives each of which is
characterised by a distribution of consequences, defined in terms of
conventional gensralised cost components (cost, travel time, stc.), together
with the impact on timing constraints. The decision rule used to resolve
choice in this situation has generally been some version of "maximum
expected utility” (MEU) theory, in which travellers are assumed to choose
the travel altemative that maximises the expected value of an appropriate
defined ufility function.

Within the transport field, the impact of travel time variability is primarily on
departure time. The framework in general has been related to highway
mode but can be expanded to take in the additional complexity of
scheduled public transport services. The theory assumes that travellers
chooze the course of action which, bearing in mind the probabilities of
different ocutcomes, has the highest value of expected ufility.

The major source of the disutility associated with travel time variability is
scheduling cost. Analysis i based on the model due to Small {1982) which
specifies the following utilitygeneralised cost function.

U= B,C+BE-SDE + B,50L + B[y (1)
Where
C is the travel time

SDE  Schedule delay early is the amount of ime one amives eary at
the destination

SOL Schedule delay late is the amount of ime one amives late at the
destination

oL = 1 far late amival, 0 otherwise

SDE and SDL are defined with respect to a preferred amval time (PAT),
normally defined as the start time of an activity (e.g., work start time).

Moland and Small (1995) further developed the scheduling cost model to
take travel time vanability into account. This led to the following model,
independent of the distribution of travel times:

U = B:E{C) + B:E(SDE) + B,E(SOL) + PP, (2]
Where

E[*] is the expected value (mean) of *

PL is the probability of arriving late

If there is travel time variability then, with the reasonable assumption that
Bz = B, there is a need to allow a certain amount of slack time when
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1.8

d.1.9

8.1.10

8111

911

chooging departure time in order to maximise expected utility by reducing
the risk of late ammival and more importantly the probability of being late.

It has been shown empirically that if travellers are able to oplimise their
choice of departure time on a continuous basis, the sum of the terms [B:
SDE + Pa 50U] i= closely related to the standard deviation of fravel time.
This provides some jusfification for the widespread use of standard
deviation as the relevant component in the utility function to indicate the
effect of travel time varability. Strictly speaking, however this relies on
departure fime being confinuously varable (as with the car mode).

Meost of public transport is characterized by the existence of a timetable,
with only discrete possibilities for departure. As can be expected, this leads
to further disutility assocdated with the service interval. The utility theory
framework can be expandsd to combine the confinuous analysis and
service interval analysis at some increase in complexity. For each
advertized departure time, we can estimate the expected utility of travelling
on that service. We then choose that departure time from the discrete set
of senvices available that delivers the greatest expected wtility.

While the underying theory is compatible, the need for rail appraisal to
take explicit account of the average delay relative to scheduled time tends
to dominate the calculations, both because this delay appears to attract a
greater level of disufility than would a comesponding increase in scheduled
fime, and because the effect of varability per se is less important in the
light of the scheduling “compromises™ which rail passengers have to make
in any case. A further practical difference is the PDFH recommendation to
ignore the effect of early amivals.

For a fuller description of the of the theoretical background see Bates et
al,.(2001). A discussion of the franslation of theory into practical
methodology for highway can be found in Arup (2004) and POFH for public
franspaort.

Annex B - Highway Reliability in Urban Areas

Approach

In urban areas alternative routes are more readily available than on
Motorways and there are many possibilities for avoiding incidents which
reduce capacity on a particular route. This avoidance behaviour
contributes to the day to day vanability on the altemative routes and affects
the balance between incident and day to day vanability effects. Models
predicting joumey time variability from all sources are therefore the most
relevant and prototype models using congestion indices were developed as
part of the London Congestion Charging study in 1993,

An improved form of those models based on north London data was
developed using addiional survey data collected in Lesds (2003) as set
out in Arup (2004). In 2007, Hyder Consuling in collaboration with lan
Black and John Fearon were commissioned by the DT to further develop
the travel ime vanability relationships for a wider sample of urban routes.
Theses routes are spread over the 10 largest urban areas in England as
identified in DfT's Public Service Agreement (PSA). The improved model is
now available as set out below. Its denvation is =et out in Hyder, 2007

The recommended form of model forecasts the Coefficient of Vanation
(CV) from Diistance (d) and Congestion Index (ci) terme for each ongin to
destination flow in the urkan area. The Coefficient of Yanation (CV) is the
ratio of the standard deviation of travel time to the mean travel time.
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812

10

10.1.1

V=016 ci'™ d"*

The Congestion Index "ci" iz defined as the ratio of mean travel times to free
flow fravel time, so that the model can be reamanged fo forecast the
Standard Deviation of Joumey Time from Jouney Time (i) and Distance
(d). The areas on which the relationship was based comprised average
free flow speeds of 37 to 47 kph (kmvhr)®. Using a constant average free
flow speed of 44.5 kph and expressing this as 0.01236 km per second, the
change in journey time variability (represented by Ady) is given, if distances
do not change, by:

Ag, =0.0018 (¢, " —¢t, ")d, ¥

1]
L =

where

* fiy and fz are the joumey times before and after the change for the
journey from ito) (seconds)

*  Ag,is the change in standard deviation of journey time for the journey
from i to j (seconds)

* g is the joumey distance from i to j (km)

The refiability benefit applying the rule of a half is therefore calculated
using:

L|*T'OR

A

T..+ T .
Bengfit =-% Ao, *[——;

Mote that the value of reliahility (VOR) iz obtained by multiplying the value
of time lyy the reliability ratio and Ty, and T are number of trips before and
after the change.

The above model form implies lower standard deviations for higher speed
joumneys. The relationship may need to be recalibrated using local surveys
where the variability benefits are crucial. Advice on the surveys needed to
provide a local calibration of such models is provided in Annex C

Annex C- Local survey for the calibration of
Urban Variability Models

In 1993 a journey time survey in north London was conducted using the
floating car method, to produce a recommended relationship for
forecasting Joumey Time Vanability (JTV) for the London Congestion
Charging study. In 2002 Arup, Bates et al reviewed the research, re-
analysed the data, and developed a new relationship incorporating data
from an equivalent survey in Leeds. However, Hyder Consulting in 2007 re-
evaluated the models using ITIS/ICJAM data from the 10 largest urban
areas in England as identified in DfT's Public Service Agreement Target.
ITIS/ICJAM collates and processes data provided by individual probe
vehicles and a number of fleet management and tracking service providers.
The models developed forecasts JTV along the surveyed route, as a
function of variables which are already provided as inputs to the standard
economic appraisal program TUBA.

* For consistent umits in the equation the speed nmst be defined in terms of km per second.
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10.1.2 The Hyder et al model form can be used to estimate the effect of schemes
and the order of magnitude of their varability benefits in urban arsas.
Although the model above can be used to estimate the effect of schemes
and their reliability benefits in urban areas, a locally calibrated model or at
l=a=st a local validation is preferable.

10.1.3 Where greater accuracy is required, and an appropriate circuit can be
identified, data from established sources such as HATRIS and ITIS or a
local survey similar to the Arups work and a locally calibrated model should
be considered. The resulting data should be analysed to establish whether
the relationship, which Arup, Bates =t al developed from the Leeds and
London data, is applicable or whether different parameters or in extreme
cases different relationships should be used. Further guidance on this is
available from DfT's ITEA Division.

11 Annex D - Calculating averages and Variance

11.1 Private vehicle travel

11.1.1  Journey times vary due to a large number of factors including the time of
day, the location of the ongin and destination, the distance and the road or
senvice types along the route. Such systematic varation has no relevance
for JTV (except possibly where travellers making a “new” joumey base
their expectation of journsy time on other journeys that they consider
“similar™).

11.1.2 JTV arises from unpredictable variation, and can occur on joumeys by
any mode. On the rail side, all variation arses from what are effectively
operational anomalies. On the highway side, unpradictable varnation arises
from Day-to-day varability “DTDWV", incidents and operational effects which
cause anomalies for bus services.

11.1.3 The reliability of a journey to work by road, which nomally fakes 30
minutes but typically encounters delays of 20 minutes on one random
weekday and 10 on another each week, can be derived by the following set

of equations:
>,
X=2=
H

Where X is the average journey time, x, is the travel time on day mand n is the
number of days used in the analysis

Hence, Average joumey ime = 30%¥5 (3 nomal days) + (30+200%5 (long
delay) + (30+10)5 (shorter delay) = 36 minutes per trip.

The variance in the journey time is calculated by examining the average® of
the sum of the sguares of the difference from the mean. This iz as follows:

3 (x,-Xf

n

-

o

* If the pattern under consideration is based on only 2 small number (n) of observed journey times
when calculating vanances the average of the squares of the difference from the mean should be
mmltiphed by a factor nfin - 1).
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1.2
11.2.1

1122

1123

Hence Variance o is 1/5 ((50-36) + (40 — 361 + (30 — 361" + (30 — 361 +
(30 — 36)Y) = B4 minutes squared (of which 39 minutes squared (ie. (50
3!’:‘-}2!5] comes from the longest delay)

The currently recommended measure of reliability, the standard deviation,
equals 8§ minutes per frip (the square root of the variance).

Rail

While the basic results for a similar joumey by rail are identical, the
existence of a scheduled time (according to the rail timetable) means that
we can also calculate average “lateness”. Suppose the timetabled journey
fime iz in fact 35 minutes. Then the “nomal” journsys lasting 30 minutes
will amive early. The calculations will be different according to whether
early arrival is freated as a) negative [ateness or b) “on time” arrival. In the
former case, we have

Average lateness = - 5 *¥5 (3 “nomal” days: early amivals) + (20 - 545 (long
delay) + (10 — S5)S (short delay) = 1 minute per trip
Ag before, the variance tums out to be 84 minutes sguared.

In the latter case, however, where we measure the lateness of early
armvals as zero, we have

Average lateness = 155 (long delay) + 5/5 (shont delay) = 4 minutes per
trip.

Varance of lateness = (15 / 5 + (5 /S — mean latensss® =45 « 5 16
= 34 minuies sguared

The method =et out in paragraph 11.2.2 is recommended as it represents a
pragmatic approach.

Worksheet D] .1 - Caleulation of mean and variance of latensss (based on one week™)

Timetabled Amval Actual Amval | Lateness (mmms) Lateness squared

Time Day

0730 Monday 0730 0 0

0730 Tuesday 0734 4 16

0730 Wednesday 0728 -2 - otherwnse §m 4 - otherwise O m

recommended approach recommended approach

0730 Thursday 07440 10 100

0730 Fridav 0750 20 400

0200 Monday 0820 20 400

D200 Tuesday 0800 0 0

0200 Wednesday 0802 2 4

0200 Tharsday 081D 10 100

0200 Fnday (800 [i] 0

Tatal 64 - otherwnse 66 1o 1024 - gtherwize 10201

Mo of cbservations (o) 10 recommended approzch recommended approach

Average =pgoltotal’ No | 6.4 - otherwise 6.61n 102 4 - otheronsze 102 m
of obs recommended approach recommended approach.
Sgmare of 40.96 m recommendad
JVeraze approach — otherwise 4356
latensss

® While the illustration only shows one week, several weeks observations should be used of all
journeys operated m the chosen penod.
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Van

seg lpalnale ! = D]ﬂ‘m]lce 614_-'_

(Mmutes squared)

- otherwize 5844 in
recommended approach

Standard Deviation

Mmutes) 784

- otherpaze 764 in
recommendead approach

12

1211

1212

1213

1214

13

1311

1312

Annex E - Highway Reliability - Incident
Assessment Approach using INCA

The INCA software can be obtained by emailing INCA Support at
inca@mottmac. com.

The INCA software automatically provides a summary of the INCA results.
The table which is produced shows the total delays and joumey time
vanability benefits which are alzo broken down by incident type.

INCA cames out economic appraisal for a 80 year horizon using a method
similar to that used in TUBA software with the number of modelled years
limited to a maximum of six appraisal years, discounting the results to 2002
base year and then aggregating them for the final result worksheet. Data
for the years between two modelled years is linearly interpolated between
those two years. For years before the first modelled year it is extrapolated
from the first two modelled years. Beyond the last modelled year, data is
extrapolated using a horizontal line.

The final result worksheet produces 3 reports. Report 1 containg a
summany of the scenario being modelled. Report 2 contains a summany of
incident benefits (delay and JTV) by flow group and incident type. Report 3
contains the incident delays and travel ime vanability, identifying benefits
by incident type.

Annex F - The stress based approach to the
assessment of reliability impacts of road
proposals

The stress based approach is only appropriate where the other
approaches described above are not feasible. The change in stress is
essentially a proxy for change in reliability. The approach does not provide
a direct quantification of changes in relisbility or reliability bensfits. In
addition, it iz not a precise or comprehensive method and can only provide
a very broad indication of the impact of a proposal on reliability.

This approach is basad on the change in "stress’ (within the range 75% to
125%) as a result of the proposal, combined with the numbers of vehicles
affected. Stress is the ratio of counted or measured annual average daily
flow to the congestion reference flow. Where a proposal provides a new
routs, the approach takes account of improvements in reliability for those
remaining on the old route as well as those fransferring to the new. This
approach is very similar to that taken in assessing ime saving and vehicle
operating cost benefits. Thus, proposals providing modest improvements
for large volumes of traffic may be more highly rated than those providing
large improvements for small wvolumes.

7 1f the pattern under consideration is based on only a small number (1) of observed jouney times.
when calculating vanances the average of the squares of the difference from the mean should be
nultphed by a factor n'(n - 1).
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1313

1314

13.1.5

1316

1317

13.1.8

To take account of possible "bottleneck’ effects, where the effect of one link
or junction operating cloze to capacity affects the reliability of an extended
length of road, the method focuses on those key linksfjunctions, rather than
the whaole length of road.

Referring to the worksheet below, the following information needs to be
provided, all for the year in which the proposal is implemented:
for the key link on the existing road (the "old route"):

+ the percentage stress in the do minimum and do something scenarios -
these may differ because the fliow changes (if the proposal is a bypass,
for example), because the Congestion Reference Flow changes (if the
proposal is an ondinge improvement, for example), or both (if the
proposal is a bypass accompanied by traffic management on the old
route, for example); and

+ the do something annual average daily traffic flow;

and, where a new route iz provided by the proposal, for the key link on the

new routs:

+ the percentage stress in the do something scenario (clearly, thers
cannot be a new route in the do minimum scenario); and

+ the do something annual average daily traffic flow.

The percentage stress in the do minimum and do something scenanos
should e entered in the Quanititative column of the Appraizal Summary
Table. Where the proposal provides a new route, the value for that route
should be used.

The difference in stress should be calculated for the old and new routes
(where appropriate). Mote that the same do minimum value should be used
for both calculations. If any stress value iz less than 75% or greater than
125%, the calculation should be based on values of 75% or 125% as
appropriate. The assessment for each route is the product of flow and
difference in stress. These results are summed to provide the owverall
assesament.

Thug, it iz not appropriate to present the numeric result of the calculations
outlined above. Instead, the result should be used to assist in reaching an
appropnate textual score, using the following guidelines:

*  Yalues in excess of 3 milion will usually be assessed as Large
(Beneficial if the value iz positive, Adverss if it is negative) - these will
be high fiow routes with moderate or large differences in stress, or
mderate flow routes with large differences in streas;

+  ‘Yalues between 1 and 3 million will usually be assessed as Moderale -
these will be high flow routes with small or moderate differences in
siress, moderate flow routes with moderate differences in stress, or
low flow routes with moderate or large differences in stress;

+  VYalues between 200 thousand and 1 million will usually be assessed
as Slight - these will be high and moderate flow routes with small
differences in stress, and low fliow routes with moderate differences in
siress.

+  Yalues less than 200 thousand will usually be assessed as Newtral.

Other considerations may justify a different assessment - they should be
noted in the Qualitative assessment. For example, the performance of
junctions is not included in the measure of siress.

This approach is not suitable for proposals affecting junchions alone.
MNevertheless, such proposals on roads camying large wolumes of traffic
may make a substantial contribution to reliability. In addition, the approach
i not suitable for estimating changes in reliability during construction and
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maintenance. Where either of these considerations apply, a comment
should be made in the Qualitative column, entering "not applicable’ in the
Cuantitative and Assessment columns.

Worksheet 1:

Economn: Reliability

Old Route (1)

New Route (i)

Do mimmmm stress

Y]

not applicable

Do somethmg stress
(k)

Dhfference m stress
{c=a-b, restnctng a and
b to the range 75% -
125%)

Do somethmg AADT
Pl (d)

Orverall mmpacts
(e=c*d)

Orverall assessment (e{1) +a{n)):

Note: Where a new road route is provided, the Quantitative column should comtain
values ai) and biii). Where no new road roufe is provided, usze values a(i) and bii)

Fafarence sources:

Assessment scores:

Chiahtzive commeents:
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