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A Study on Vehicle Density Labor Productivity and Congestion Cost of Chinese Cities

KE Shan-zi ZHENG Teng-fei
( School of Economy & Trade Hunan University Changsha 410079 China)

Abstract: Built on the mechanism of externality of traffic congestion and the optimization of residents and firms this
paper derives a general equilibrium model and uses a panel dataset of Chinas prefectural or higherdevel cities for 2003
—2012 to examine the effect of vehicle density on labor productivity. The econometric results show that the large cities
with a population greater than one million and the rest of the cities had optimal densities of 1813 and 2812 vehicles per
square kilometer respectively; the number of congested cities increased from 16 to 166 during the study period and the
loss of productivity due to congestion grew from RMB 25.5 billion to RMB 787. 7 billion of which 731. 9 billion were
accounted for by 101 large cities; a 10% increase in the capital stock of urban streets and bridges raised road capacity
by 16% and the economic return on the investment in large cities was much higher than the capital cost while the return
on the investment in smaller cities was much less than the cost.

Key words: optimal vehicle density; traffic congestion; labor productivity; city size; interregional differences
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Y, :Z( BiXi) +u; e,
3
X, u; o
Hausman
o A
u; Xy
4
2 2003 -2012
1 2 3 4
(v ) (v ) (v ) (v )
InVehdensity 0. 0528 ** (3.23) 0. 5344 % (5.42) 0. 5378 ** (5.46) 0. 5300 ** (6.46)
( InVehdensity) 2 — — -0.0332%% ( -4.95) | -0.0327*% ( -4.88) | -0.0411"* ( -6.20)
InVehdensitylarge — — — — -0.0284™  ( -2.53) -0.03607* ( -3.27)
InrkinVehdensity — — — — — — 0. 0105 ** (11.11)
InStreetdensity 0. 0452 (2.19) 0. 0450 ** (2.19) 0. 0455 * (2.21) 0. 0037 (0.18)
InAveprice -0.0107  ( -1.24) -0.0095 ( -1.09) -0.0080  ( -0.92) -0.0132 ( -1.56)
InUarea 0. 0042 (1.48) 0.0497" (1.76) 0. 0487" (1.73) -0.0307 ( -1.08)
InKstock 0. 0543 ** (3.00) 0. 0609 ** (3.38) 0. 0624 ** (3.46) 0. 0540 ** (3.07)
InPindex 0. 7735 (4.25) 0. 7622 ** (6.27) 0. 7583 *** (6.25) 0. 4634 (3.82)
InPr 0. 0866 (5.47) 0.0911** (4.49) 0. 0924 ** (4.55) 0. 0613 ** (3.07)
InPe 0. 1171 %% (7.77) 0. 1097 ** (7.29) 0. 1095 ** (7.28) 0. 1084 ** (7.38)
Intercept 8.9513 ™ (44.05) 7. 1438 (17.11) 7. 1655 (17.18) 7.63187  (18.66)
266 x 10 266 x 10 266 x 10 266 x 10
within R? 0. 6762 0. 6795 0. 6803 0. 6961
Hausman Xz 43,1 45. 04 63.58 70.6
P 0. 0000 0. 0000 0. 0000 0. 0000
S(1) 1% 5% 10% . (2) ( mean—differenced) R2  within R%,
o (4) o ( InAveprice)
( InStreedensity) 4 t=-1.56 p<0.10
ltl <
N 1.65
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32003 -2012 N
(93) (91) (82)
5 6 7 8 9 10
(v ) (t ) (1 ) (t ) (t ) (t )
InVehdensity 0. 7274 0. 6986 ** 0. 8819 ** 0. 9513 0. 0907 0. 1884
(3.53) (3.47) (5.15) (5.66) (0.58) (1.21)
( InVehdensity) 2 -0. 0455 -0. 0479 ™ -0. 0539 ** -0.0615 -0. 0046 -0.0122
( -3.30) ( -3.55) ( -4.54) ( -5.24) ( -0.43) (-1.14)
InrkInVehdensity — 0.0121 ™= — 0.0102** — 0. 0078 **
(7.20) (5.88) (4.83)
InStreetdensity 0.0152 -0.0487 -0.0192 -0. 0501 0. 1130 0.0677"
(0. 50) ( -1.41) ( -0.56) ( -1.47) (2.98) (1.76)
InAveprice 0. 0086 0. 0057 -0.0199 -0.0265" -0. 0015 -0.0045
(0. 60) (0.41) (-1.23) (-1.67) ( -0.10) ( -0.30)
InUarea ~0. 0468 -0. 1597 = 0. 1524 0. 0492 0. 0307 = 0.0723
( -1.25) (-3.24) (2.97) (0.92) (2.71) (1.47)
InKstock 0. 1067 ** 0. 0881 0.0721* 0. 0668 ™ 0. 0637 0. 0459
(3.85) (3.05) (2.28) (2.16) (1.94) (1.41)
InPindex 0. 5791 ™ 0.2939 0. 5972 0.3674" 0. 4714 0.2482
(2.73) (1.15) (2.81) (1.74) (2.26) (1.18)
InPr 0.0329 0. 2939 0. 1356 0. 0942 ** 0. 1130 ™ 0. 0768 ™
(0.97) (2.28) (4.28) (2.96) (2.92) (1.98)
InPe 0. 1098 ** 0. 0986 ** 0. 0765 ** 0. 0726 ™ 0. 1424 0. 1573
(4.28) (3.85) (3.08) (2.98) (5.27) (5.87)
Intercept 7.0937 ** 8. 0368 ™ 5. 14227 5. 8543 7 8. 0527 8. 3052
(8.76) (9.63) (7.19) (8.24) (12.05) (12.58)
93 x10 93 x10 91 x 10 91 x 10 82 x 10 82 x 10
Within R? 0. 6098 0. 6337 0.7374 0. 7842 0.7018 0.7111
Hausman 1 11.76 16. 61 44.39 49. 48 73.42 74.9
P 0.2275 0. 0834 0 0 0 0

L okkk ko x

1% 5% 10%

74




U
( InrkInVehdensityy)
2522
/ 2731/
2210.1640 1977 /
7 2012 “ 7
35.20 “ 7
21.47
( InStreetdensity) N
2
( InAveprice)
3
8 o
( InUarea)
( 6)
2003
-2012
o 2

o 4

0.9

5
23012074

2012

0.1.0.25.0.5.0.75

2443.2497 .
2061 / o

2003

0.25

- 2003
16 2012 266

75



2015 3
4 2003 -2011
0.1 0.25 0.5 0.75 0.9
(t ) (t ) (t ) (t ) (t )
InVehdensity 1. 0679** 0. 8371 0. 6774 0. 4498 ** 0. 3486 ™
(8.12) (6.99) (4.64) (3.84) (2.54)
InrkInVehdensity 0. 0170 ** 0. 0140 ** 0. 0104 ™ 0. 0074 ** 0. 0049 **
(8.96) (8.94) (7.04) (5.86) (3.47)
( InVehdensity) 2 —0.8114™* -0. 0639 ™ —0. 0459 —0.0302 % -0.0238 ™
( -7.69) ( -6.75) ( -4.65) ( -3.74) ( -2.55)
InStreetdensity -0. 0029 -0.0171 0. 006 -0. 0091 0. 0143
( -0.10) ( -0.65) (0.21) ( -0.33) (0. 46)
InAveprice -0. 0055 -0. 0068 -0.011 -0.009 -0.0220™
( -0.37) ( -0.54) ( -0.94) ( -0.91) ( -2.14)
InUarea -0.0085 -0.0282 0.0168 0.0142 0. 0361
( -0.20) ( -0.78) (0. 46) (0. 40) (0. 80)
InKstock -0.044 -0. 0295 —-0. 0009 0. 0445%* 0. 0799 **
( -1.42) (-1.11) ( -0.04) (1.65) (2.52)
InPindex 1. 0689 ™ 1. 1064 ** 1. 4056 1.8512** 2.2073 7
(5.95) (7. 46) (8. 46) (10. 62) (12.05)
InPr 0. 0697 ** 0. 1328 ** 0. 1037 ** 0. 0625 ** 0. 0662 ™
(2.03) (4.68) (3.70) (2.44) (2.33)
InPe 0. 1066 0. 1109 ** 0. 1003 ** 0.0918 ** 0. 0704 **
(4.78) (5.50) (5.24) (5.20) (3.72)
Intercept 5.2700 5.8168 7.6105 8. 0504 8. 8561 ™
(7.56) (9.81) (11.96) (17.01) (14.55)
266 x 10 266 x 10 266 x 10 266 x 10 266 x 10
Pseudo R? 0.7471 0. 7398 0. 7346 0.7510 0.7593
Qe 1% 5% 10%
5
( )
2003 1069 12 4 238. 81 15. 80
2004 1247 21 7 279. 60 17.70
2005 1410 25 7 408. 18 20. 40
2006 1566 30 17 598.21 41.28
2007 1744 40 21 893. 02 49. 31
2008 1948 48 26 1172. 16 90. 44
2009 2202 67 37 2418.53 86. 09
2010 2466 81 49 3839.23 177.39
2011 2720 94 57 5413.53 260. 20
2012 3057 101 65 7318.76 558.17
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2003 - 2012 10% \
6 10% ( )
2003 73.55 121.77 48.22 55.16 114.43 59.26 18.39 7.35 -11.04
2004 128.71 164.99 36.28 96. 53 155. 44 58.91 32.18 9.55 -22.63
2005 147. 10 219. 87 72.78 114.92 209. 15 94.24 32.18 10. 72 -21.46
2006 216. 05 325.29 109. 25 137.90 304. 38 166. 48 78. 14 20.91 -57.23
2007 280. 40 468. 95 188. 55 183. 87 441. 48 257.61 96. 53 27. 47 -69. 06
2008 340. 16 619. 60 279. 44 220. 64 576.93 356. 28 119. 51 42. 68 -76.84
2009 478. 06 1077. 65 599.59 307. 98 1026. 10 718. 12 170. 08 51.55 -118.53
2010 597.57 1583. 87 986. 29 372.34 1484. 67 1112.33 225.24 99.20 —126. 04
2011 694. 11 2056. 32 1362. 22 432.09 1919. 56 1487. 46 262.01 136.77 -125.25
2012 763. 06 2676.91 1913. 85 464.27 2446. 23 1981. 96 298.79 230. 68 -68.11
2012
(2677 ) (763 ) 266 2003 - 2012
350% - (1)
. 2012 U
(2446 ) (464 ) 5 (1813  /km®)
2003 (2812 /km®)
11 2011 125 .
2012 .
; (2) 2003
16 2012 166
. 255 7877 7319
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. 16%
1813/ 2104 /

77




2015 3

2812/
3264 / o

1 Mayeres I Ochelen S Proost S. The marginal external costs
of urban transport ] . Transportation Research Part D:
Transport and Environment 1996 1(2) :111430.

78

2 Goodwin P. The economic costs of road traffic congestion

J . A discussion paper published by the Rail Freight Group
2004: 1-26.

3 Bilbao-Ubillos J. The costs of urban congestion: Estimation
of welfare losses arising from congestion on cross—town link
roads ]
Practice 2008 42( 8) : 1098 108.

. Transportation Research Part A: Policy and

4 Safirova E Gillingham K Houde S. Measuring marginal
congestion costs of urban transportation: Do networks matter?
J . Transportation Research Part A: Policy and Practice

2007 41(8) :734-749.

5 Schrank D Eisele B Lomax T. TTIs 2012 urban mobility
report J . Proceedings of the 2012 annual urban mobility
report. Texas A&M Transportation Institute Texas USA 2012:
1-68.

6 Zegras C. The costs of transportation in Santiago de Chile:
analysis and policy implications J . Transport Policy 1998 5
(1):921.

7 Jakob A Craig J L Fisher G. Transport cost analysis: a
case study of the total costs of private and public transport in
Auckland ] . Environmental Science & Policy 2006 9( 1) :
55-66.

8 Stokols D Novaco R W Stokols J et al. Traffic congestion
Type A behavior and stress ]
Psychology 1978 63( 4) :467.

9 Currie ] Walker W R. Traffic congestion and infant

. Journal of Applied

health: evidence from E-Zpass R . National Bureau of
Economic Research 2009:1-37.

10 Weisbrod G Vary D Treyz G. Economic implications of
congestion M . NCHRP Report 463. Transportation Research
Board Washington DC USA 2001: 1-55.

11 Graham D J. Variable returns to agglomeration and the
effect of road traffic congestion J . Journal of Urban

Economics 2007 62( 1) : 103-420.

12
J. 2011 (1) :28-32.

13

I 2011(1):
168-172.
14 . “ ”

J. 2013 (7) : 63-75.
15

J. 2013 (3):22-42.

16 J



2006( 5) : 19-31.

17
J. 2012 (12) : 18-30.
18
J. 2014( 9) : 007.
19
— J 2014 (9):
8793.
20
J. 2011 ( 11) : 90-96.

21
2007 (12) :1549.
2

J. 2012 ( 11) : 73-80.
23
J. 2014(9) : 103409.
24 http: //www. gov. en/jrzg/2013-02/22/

content_2338306. htm.

79



