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Cost assignment ratio of repayment highway and its calculation

ZHAO Jing, WANG Jian-wei, MAO Xin-hua, GAN Jia-hua

(School of Economics and Management, Chang’an University, Xi’an 710064, Shaanxi, China)

Abstract: In order to share the cost of repayment highway fairly, the paper define the product at-
tributes of repayment highway by public goods theory, proposed cost should be shared by users
and government according to the principle of “who gains who pays”, and considered the factors
affecting sharing ratio were government revenue and users gain after analyzing various pricing
methods for sharing the cost. After clarifying the concept of government revenue and users, the
government revenue accounting method was proposed by using input-output table and the user
revenue accounting method was proposed by integrating speed-flow model, speed-fuel consump-
tion model and the time value models of passenger and cargo. Finally, the paper deduced the for-
mula of cost assignment ratio. The results indicate that in the case, the users’ cost ratio should
be proper within 53. 85% ~83. 82%. Pricing based on cost assignment ratio can make the toll of
repayment highway fair. 13 tabs, 2 figs, 16 refs.
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Tab.1 Basic flow of input-output
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Tab.2 Speed-flow model parameters
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Tab.3 Speed-flow model parameters of all types of vehicles

FHR| MEE | OREE | MK e PN
a 87.810 | 79.080 | 73.670 | 68.310 | 65.000
m —0.244 | —0.154 | —0.160 | —0.155 | —0.150
a 83.288 | 78.710 | 71.925 | 70.956 | 62.375
m —0.616 | —0.559 | —0.469 | —0.455 | —0.327
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Tab. 4 Speed-flow model parameters of all types of vehicles

fie a; b ci a; b; i

e

W

~
Pz

NEZ [0.001 6 |—0.248 5[15. 611 1] 0. 001 0 |—0. 182 4/13. 407 8

HFEZAE 10,003 8 |—0.505 5[28. 985 3| 0.002 8 |—0.401 3|25. 669 4

K&EZ 10.009 7|—1.191 1|61. 845 0| 0. 007 3 |—0. 969 §55.405 3

INER 0.004 6 |—0.637 1|30. 776 2| 0. 003 4 |—0.491 7|25. 068 6

HFEEA 10,008 2 |[—0.961 3145. 885 8| 0. 004 1|—0.581 7|36.986 2

KBF | 0.016 2 |—1.817 1|75. 239 6| 0.012 6 |—1.478 1/65. 657 3

2.3.3 ®EH1E
(1) Ji & Bt (B {E

MK:

G
Ly
A My i B A s G oy N34E TR IR 51,
AR H LA /NI B (h)

(2) G2 Py ik ] A1 fEL

My =

1D

M
365X8Q

L My s %Hﬂﬂ%ﬁ My Ry #2285 7 i
B Q WM & 1tis
2.3.4 HMEHEA
MR 22 SC A T W s i 5 X0
E, = Av,+ Av, (13)
Ao Avo BRI A NE B AN
Avy=Po( DI OFV,L' — DT OFV.L)  (14)
K Po BRI A% (I8 /L) 5 OF LOF 43 31 K 9% 17
5 B A R N B A5 R R N Bl RE (L/km)
V,ooh KR A8l (D 5 Lo IR AT 4 % B AR
(km) s L AW ol 8 B AR (km) . Ave WA
R [R) 4 A0 {E  F i 7 BsF D) A0 (6 2 sf T A i 4
B HAt AR
Av, =My D) gk Vi Atk +My D) qi VA, (15)
Vi WESE  ERIZCHE )V MR E i
BRI D gk AR  ERIFHRiza (N);
gh SRR | ERIERE R (10° kg) A Ny i ZEAY
Ayt E AR A

(12)



6 KZXFFHRARAFR

2014

L L
Us Us
AU HIFATHE B b @ R T 3% (km/h) ;UG
R A B o ERAT EEE (km/h)
2.4 SERGHTEAR
X w HBAG LGN o=T/C, i # E .
E, . T.C Al 3¢ & A 1%

A (16)

_E
C
AR OB B AR SR 3 H 88 X H S ) 284
1 B B Wi 3G s AH Z S b B Wi 2 O IR £
(El)E(J‘FBEﬁ’El]iEI>E;:t(7+t]§o At
E,
C
AT T=0cE, FESEBR 8 ] & W s /9 Lo 41
TR —XEHNB 6€ (61500) - M 0 E; << T<o,E.
[ 1t

an

w:1

w<<1— (18

0'1E2 UzEz
C =S¢ (o
PO AS 45 00 57 B AS 21) gl AS 430 e )33 X0
G]Eg . O'zEz - E’l
C <w<m1n< C .1 (f)> (20)
3 &4l
3.1 #R

H 8 5e N A T Br 4K 1000 35 km, %
30. 27 4270, S HIFA T R E A 113.5 km, 3
H 2005 4F 1 H & s 4, Ui 2% W B 30 4R, Tl it
2035 AF45E kW B . R AN I B O AT I B LA
ULZR 5 A SC LA H A 1], XF 155 3 2 B AR 43 40 L
BIEAT IS . S PR TR T B ARG B B L A T B
AERA K S HURZ 8K, LL 2013 45 2018 4F £k
6 AR I ] Ay 9T FRE 3 AR 2 s A A L LA

RS HEREJREHITHRIFR
Tab. 5 Status of highway J segment in H province and its parallel road
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Tab. 6 Annual traffic of all types of vehicles

on highway J segment pcu

| NIRRT | RAVE R N T R AR | R

2005 426 628 67 143 27 813 45 946 | 1 056 68

—

2006 493 131 77 609 32 148 53 109 | 1 221 397
2007 604 215 95 092 39 390 65072 | 1496 532
2008 733 398 | 115 423 47 812 78 985 | 1 816 496

2009 839 060 | 132 052 54 700 90 364 | 2 078 203

2010 | 1033692 | 162 683 67 389 | 111 325 | 2 560 271

2011 | 1270930 | 200 020 82 855 | 136 875 | 3 147 867

2012 | 1366 250 | 215 022 89 069 | 147 141 | 3 383 956

2013 | 1468 718 | 231 148 95749 | 158 176 | 3 637 753

2014 | 1578 872 | 248 484 | 102 931 | 170 039 | 3 910 585
2015 | 1697 288 | 267 121 | 110 650 | 182 792 | 4 203 879
2016 | 1824 584 | 287 155 | 118 949 | 196 502 | 4 519 169
2017 | 1961 428 | 308 691 | 127 870 | 211 239 | 4 858 107
2018 | 2108 535 | 331 843 | 137 461 | 227 082 | 5 222 465
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Tab.7 Average running speeds
[opiAY i YN
M
v/c B U/(km+h™1) v/c B U/(km+h™1)
2013 0.125 395 16 | 1.889 562 778 | 109.435 766 0 | 0.131 366 36 | 1.891 176 335 | 91. 202 387 19
2014 0.134 799 80 | 1.891 879 809 | 109. 137 087 3 | 0.141 218 84 | 1.893 884 326 | 90. 955 619 93
2015 0.144 909 78 | 1.894 758 250 | 108.800 290 2 | 0.151 810 25 | 1.897 248 455 | 90. 677 824 63
2016 0.155 778 02 | 1.898 334 128 | 108.421 499 3 | 0.163 196 02 | 1.901 427 702 | 90. 366 010 87
2017 0.167 461 37 | 1.902 776 430 | 107.996 755 2 | 0.175 43572 | 1.906 619 567 | 90.017 187 86
2018 0.180 020 97 | 1.908 295 087 | 107.522 119 0 | 0.188 593 40 | 1. 913 069 405 | 89. 628 467 29
RS BHEABRBERTEERE
Tab. 8 Average running speeds of all types of vehides on highway km/h
KR Ytk RAEK % INEL G A SR KA
L 5 1.000 000 O 0. 985 392 351 0.912 488 6 0.850 339 8 0.813 191 93
2013 4 109. 435 766 0 107. 837 166 800 99. 858 885 0 93.057 590 0 88.992 281 90
2014 4 109.137 087 3 107.542 851 100 99.586 344 0 92.803 611 0 88.749 398 80
2015 4 108. 800 290 2 107.210 973 800 99.279 020 0 92.517 219 0 88.475 518 10
2016 4 108.421 499 3 106. 837 716 100 98.933 378 0 92.195 118 0 88.167 488 40
2017 4 107.996 755 2 106.419 176 500 98.545 804 0 91.833 941 0 87.822 089 90
2018 4F 107.522 119 0 105. 951 473 700 98.112 704 0 91.430 339 0 87.436 119 60
R HITABESERTEEE
Tab.9 Average running speeds of all types of vehicles on parallel road km/h
47l YitE- RAEE % INELR A R e KA 4
L 15 1. 000 000 0.985 392 351 0.912 488 6 0.850 339 8 0.813 1919
2013 4 91.202 387 89.870 134 740 83.221 1350 77.553 022 0 74.165 045 0
2014 4 90. 955 620 89.626 972 180 82.995 963 0 77.343 186 0 73.964 376 0
2015 4 90. 677 825 89.353 234 810 82.742 478 0 77.106 965 0 73.738 475 0
2016 4 90. 366 011 89. 045 975 920 82.457 951 0 76.841 817 0 73.484 911 0
2017 4 90.017 188 88.702 248 390 82.139 654 0 76.545 199 0 73.201 251 0
2018 4 89.628 467 88.319 206 120 81.784 951 0 76.214 655 0 72.885 146 0
R10 BETARE
Tab. 10 Time saving per vehicle h
i I K% SN g 4 OB
2013 0. 327 509 0. 332 364 0.358 918 0. 385 150 0.402 745
2014 0.328 376 0.333 243 0.359 868 0.386 170 0.403 811
2015 0.329 352 0.334 234 0.360 938 0.387 318 0.405 012
2016 0. 330 449 0. 335 347 0.362 140 0. 388 608 0. 406 360
2017 0.331 676 0.336 593 0.363 485 0.390 051 0. 407 869
2018 0.333 042 0.337 979 0.364 983 0.391 658 0. 409 550
(Ot 5 i, A2 2013 3 2018 44l AUAL

MCH 28 G831 4 % (2012) ) v 3R U™ A 3 48 AT 2 45 45 iR 0 W 18] f {5 A 5T 4 ) H R
B 7R e B R B R T Y T S R THE 1R,
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Tab. 11 Time value of passenger and goods

G RERRIE GT « (he AO~D| RHIFHE/ OT « (he O™
2013 16.117 942 0.549 096 9
2014 18.311 569 0.552 786 1
2015 20.803 746 0.556 116 7
2016 23.635 104 0.559 101 4
2017 26.851 806 0.561 752 7
2018 30.506 295 0.564 082 4

VA 368 H5 R0 | 240 I 1] R0 e ) 41 1 X080 LA

LA 8 A5 7 B B4 45 42 B 2 % (B 305 Bl . AR
A AT B 4 B 2 I 1) 3R A5 1 f (. A 3k 12
PR

PI% 8. 9 W BLlE sl A O, A3 1551 2
0L B 28 4 B B 7R G . 1 DA S 00 S A8 i
FEATH 2 Ffs 00 T S AR A AR AS B A Tk AT 2
T o0/ L AR AN A T B AT BRIl T 24
{H. S5E IR 294 E . (#5228 107 707. 93 J7
JC. N 13 Fis .

®12 HEWANE

Tab. 12 Saving time value Jiot
KR SA/NHER |20 NRBIER | 1.5 o /NULEE | 4 o« PRIAE 20 t REAE &t
2013 4 675.620 72 719.373 3 0. 822 208 6 3. 886 790 467.361 274 3 1.867.064 3
2014 4 889.569 14 947.176 8 0.959 292 1 4.534 819 545.282 523 0 | 2 387.522 6
2015 4§ 1241, 979 50 1322.409 0 1.185 983 0 5. 606 445 674.138 555 3 3245.3195
2016 4 1718.394 00 1.829.675 6 1.452 097 0 6.864 431 825.403 285 9 4 381.789 5
2017 4 2 241. 824 60 2 387.003 1 1.675 379 0 7.919 942 952.321 607 4 5 590. 744 7
2018 4 3 150. 659 70 3 354,693 5 2.081 106 0 9.837 920 | 1 182.945 976 0 7.700.218 2
®13 AHEYE S B R G TN - . IR T A R I 43 4H L
Tab. 13 User profit KEE 151 143 TR 2R Ay UG W 2 A P 25 0 £
iy i 6] 45 24 BT 24 it (2) FIFP Al 566 BE A L JR0E 1 BRI H 19 25
2013 1 867.064 3 11 082.332 3 12 949.396 6 iﬁﬁﬁ”J‘iﬂ(ﬁ?ﬂﬁzﬁé”%ﬂ“@ﬁ%%ﬂ&ﬁ”é‘) /I\d‘%l/ﬁo Eﬁﬁﬁ
201f 2 :%87. 5226 | 12 015.086 6 | 14 402,609 2 ORI R I T o A 2 3% A 1 4k
s WA R £ R
2017 5590.744 7 | 15420.7534 | 21 011,498 1 (DEEE AT 3 AR T BN IR 25
2018 7.700.218 2 | 16 804.949 8 | 24 505.168 0 TS £ B R A TR L BT AR R R DL
it 25 172.659 0 | 82 535.270 0 | 107 707. 930 0 i % A GT P (RN A RS T b T U AR
3.2.3 e h BB R 4 T MBI B AR B R

W FRiFE L E +ic+6,=9 706. 27 TG ;

E, =107 707.93 J3 JG ; bF F Yt 9% & (&5 £ 1 #5025

(1 L i) T SRR AT 28 R I Ry 3026 ~ 50 %61,
Bl 6,=0.3,5,=0.5, N

o E,

o =53.85%
O'zEz: 0
- —89. 6%

.
1—(ﬁ>:83. 82%

A .53, 85 % <Tw<<83. 82% . B fdi FH & 71 40 &5
TN T A ) EE B 20 54 %0 ~84 % Z ] .
4

% iE

(D MHESZ £+ E ST 19 JEU0 e o 4 i od B
P e 3 2 B 1 BRAS IO R 8 FH 2 R S ] R $H B UL

i I 3 1L $H A 1) H 31 Ry 53. 85 %6 ~83. 820, 1]
RN B B R AR S RO ik B S

(4) g 7 BN W8S AN B 36 17 0] 8804 » BT SEAS
B NG . el iz FREE A ™ 3R B R T i T R
R TSR A BRI E B 5] R A ) 5N R i — 2
WHSE Y J5 1)

S E 3k
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