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( Sharp RD) o ( Regression Discontinuity)
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( Local Average Treatment Effect TLATE)
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( Bike-sharing) ( Unsaturated Model) :

y, = B, + B,GreenTravelOpen, + B,AT) + B;GreenTravelOpenf(T) + PB,l( Bike-sharing)
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2 o
AQI. CO. PM,,. PM,, .
AQI 0, CO
NO, ;
AQI. CO. PM, . S0,
. S0, 6
2 ( )
AQI co NO, PM,, PM, , 0, S0,
Green Travel Open  —49.50***  —0.234" ~1.892 -36.43"  -33.05"" 6.359 -2.913
(18.54) (0.131) (6.348) (20.79) (16.02) (4.093) (3.958)
Observations 436 436 436 436 436 436 436
R-squared 0. 489 0.513 0.586 0.515 0.483 0.775 0.811
Bike-sharing Open -28.43 ~0.223" ~14.45 -35.27 -26.95 13.77° -3.572
(23.46) (0.133) (8.294) (22.95) (19.29) (7.363) (2.796)
Observations 191 191 191 191 191 191 191
R-squared 0. 389 0.529 0.612 0.550 0.395 0. 696 0.613
Rail Transit Open  -76.38***  -0.352" 1.630 ~46.52  -50.78*" 2.271 -2.072
(25.88) (0.193) (8.048) (30. 10) (22.51) (4. 644) (5.993)
Observations 275 275 275 275 275 275 275
R-squared 0.457 0.554 0.622 0. 469 0.463 0.837 0. 802
30 T <0.01 “Fp<0.05 “p<0.1.
()
1. o
o 30
25 20 ( 3 )
25 AQI .
CO. PM,,. PM, . :
AQI . 20
AQI .
30
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AQI (o(0) NO, PM,, PM, 0, S0,
Panel A 25
Green Travel Open —43.88°" -0.192 2.437 -28.89 -25.85 0. 836 -0.590
(20. 45) (0.147) (7.153) (22.87) (17.86) (4.370) (4.416)
Observations 366 366 366 366 366 366 366
R-squared 0.513 0. 548 0.597 0.521 0. 507 0. 825 0. 831
Bike-sharing Open -40. 55 -0.265" -11.54 -44.11" -36.73" 9.190 -3.518
(25.71) (0.144) (9.034) (25.22) (20. 86) (7.871) (3.023)
Observations 161 161 161 161 161 161 161
R-squared 0.372 0.542 0. 598 0.515 0. 381 0.708 0. 615
Rail Transit Open —55.47%" -0.263 5.334 -30.11 -27.00 -4.906 0.047 8
(27.16) (0.210) (8.936) (31.72) (23.80) (4.754) (6.601)
Observations 230 230 230 230 230 230 230
R-squared 0. 494 0. 565 0.621 0. 495 0. 490 0. 888 0.810
Panel B 20
Green Travel Open -19.82 -0.005 24 2.414 -22.70 -5.867 -2.411 0.368
(21.89) (0.155) (8.156) (25.09) (18.80) (5.063) (4.756)
Observations 296 296 296 296 296 296 296
R-squared 0.529 0.571 0. 544 0. 526 0. 520 0. 821 0. 823
Bike-sharing Open -7.078 -0.098 7 -10.71 -15.59 -10.25 -1.034 -5.422
(27.98) (0.166) (10.43) (27.66) (22.88) (9.338) (3.607)
Observations 131 131 131 131 131 131 131
R-squared 0. 364 0. 561 0. 566 0. 545 0.379 0.725 0. 662
Rail Transit Open -51.00" -0.096 6 5. 815 -48.28 -23.44 -3.443 1.593
(28.88) (0.218) (9.783) (35.21) (24.67) (5.051) (6.804)
Observations 185 185 185 185 185 185 185
R-squared 0.492 0. 561 0.59%4 0. 500 0. 480 0. 880 0. 800
: . . ; T
<0.01 "p<0.05 "p<0.1.
2. o
o 4 o
4
Green Travel Open -0.057 8 -0.556 -1.386 -0.070 1 -0. 161
(0.153) (1. 180) (1.104) (0.123) (0.147)
Observations 436 436 436 436 436
R-squared 0.122 0.812 0. 864 0. 069 0. 061
Bike-sharing Open 0. 107 -0.972 -0. 407 -0.001 98 -0.138
(0.264) (1.582) (1.677) (0.189) (0.168)
Observations 191 191 191 191 191
R-squared 0. 095 0.750 0. 807 0. 081 0. 083
Rail Transit Open -0.185 1. 602 -0.568 -0.242 -0.350
(0.162) (1.673) (1.397) (0.161) (0.214)
Observations 275 275 275 275 275
R-squared 0. 141 0. 851 0. 883 0. 093 0.075
30 ;

S5 <0.01 *Fp<0.05 " p<0. 1,

— 103 —



@,
( ) o
2 19 29
(16 ) (28 ). 5
5
AQI co NO, PM,, PM, . 0, S0,
Green Travel Open -24.70" -0.124 0. 401 -9.124 -14. 68 6.792 —-1.842
(12.66) (0.121) (6.563) (14.92) (12.08) (4.441) (3.843)
Observations 388 388 388 388 388 388 388
R-squared 0.517 0. 490 0. 540 0.510 0.522 0. 800 0.797
Bike-sharing Open -17.86 -0.059 8 -9.791 -24.96 -19.44 11.89 -2.640
(17.06) (0.118) (7.921) (16.84) (13.98) (8.559) (2.508)
Observations 174 174 174 174 174 174 174
R-squared 0. 456 0. 545 0.617 0.595 0. 481 0.723 0. 623
Rail Transit Open -32.21" -0.256 1. 557 -0.324 -17.22 6. 160 -0.625
(16.64) (0.175) (8.373) (19.90) (16.26) (4.867) (5.579)
Observations 244 244 244 244 244 244 244
R-squared 0.523 0. 589 0.583 0. 490 0. 545 0. 864 0. 801
30 ; D p<0.01 **p<0.05 " p<0.1,
5 AQI
AQI . 2
AQI
1 o
()
1 2014 5 13 2017 6 18 O 24
( ) .
6 AQL. CO. PM,,« PM, .
. NO,. SO, .
AQL. CO. NO,. PM,,« PM,,. SO, 0,
: AQL. CO. PM,,« PM, | NO,. 0,. SO,
. AQI
6 (5 ).AQL 0 24
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6 ( )
AQI co NO, PM,, PM, s 0, S0,
Green Travel Open -38.09°" -0.176"*" -0.676 —40.37°7  -28.63"*"  6.821"" -0.063 9
(4.559) (0.038 4) (2.006) (5.421) (3.583) (2.783) (1.811)
Observations 8 230 8 230 8 230 7 850 8 230 8 230 8 230
R-squared 0.302 0.335 0. 408 0.327 0.294 0. 547 0. 481
Bike-sharing Open -29.23%*%  -0.2417"* -15.27""* -35.33*** -27.69"** 15.35"*"  -3.520"""
(5.123) (0.0409) (2.761) (5.642) (4.208) (13.506) (1.320)
Observations 4 431 4 431 4 431 4270 4431 4431 4 431
R-squared 0.310 0. 341 0. 465 0.404 0.318 0.554 0. 346
Rail Transit Open -53.35"*"  -0.267""" 2.934 -49.88°** -39.83" %" 3.534 0.992
(6.726) (0.058 3) (2.521) (8.386) (5.254) (3.603) (2.815)
Observations 4 490 4 490 4 490 4218 4 490 4 490 4 490
R-squared 0.273 0.422 0.419 0.272 0.275 0. 627 0. 630
30 ; P p<0.01 p<0.05 " p<0.1,
AQI . AQI 4
CO. 0,. SO, 4 . CO
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( )
NO, 15 .16 2
. NO, .
. PM,, PM,. 17 24
C 10 16 PM,, PM,.
. 0, 15
U 4 . 0, NO,
( VOCs) 2 50, 4 .
S0, .
AQI 6
(6 —24 ). (7 —9 . —19 )
(1 —5 )
7 o
AQI. CO. PM,,  PM,,
o 0, ;
NO,~ 0, SO, AQI. CO. PM,,
PM, ; o
AQIL,
PM,, PM,, .
cO o
7 ( )
AQI co NO, PM,, PM, , 0, S0,
Panel A
Green Travel Open  —35.89*** —0.185***  —0.770  -37.14*** -26.94*** 6.151** - 0. 460
(5.081)  (0.0365)  (2.235) (5.816) (3.957) (2.638) (0.928)
Observations 6 520 6 520 6 520 6 261 6 520 6 520 6 520
R-squared 0.309 0.314 0.421 0.339 0.302 0.633 0.456
Bike-sharing Open ~ —26.67"** —0.242"** _14.23*"* _34.29"** _25.99"* 13.40***  _4.696***
(5.810)  (0.0440)  (3.121) (6. 144) (4.791) (4.050) (0. 964)
Observations 3 506 3506 3506 3407 3506 3 506 3506
R-squared 0.310 0.375 0. 469 0.413 0.320 0.587 0.448
Rail Transit Open  —49.92°** _0.261***  2.836  —43.22*** _37.54***  3.720 0.524
(7.400)  (0.0530)  (2.786) (8.944) (5.688) (2.942) (1.467)
Observations 3561 3561 3561 3367 3561 3561 3561
R-squared 0.289 0.363 0.433 0.284 0.287 0. 689 0.435
Panel B
Green Travel Open  —32.63*** —0.174***  1.405 -32.04% % -23.32%%F 7322 0.563
(8.860)  (0.0591)  (3.291) (9.773) (6.715) (4.381) (1.388)
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AQI CO NO, PM,, PM, 0, SO,
Observations 2 076 2 076 2 076 1 991 2 076 2 076 2 076
R-squared 0.280 0.336 0.398 0.317 0.269 0.618 0. 426
Bike-sharing Open -25.27"%  —0.2737%F  —13.52%""  -31.24""* -25.90""" 15.39™" -3.587""
(10.64) (0.070 2) (4.487) (10.59) (8.755) (6.613) (1.484)
Observations 1110 1110 1110 1079 1110 1110 1110
R-squared 0.297 0. 408 0. 465 0.411 0. 308 0. 596 0.388
Rail Transit Open —44.4377%  ~0.246" %" 4. 096 —40.26"7"  -31.447%" 6.292 1.278
(12.98) (0.0899) (4.390) (15.29) (9.816) (5.380) (2.249)
Observations 1137 1137 1137 1073 1137 1137 1137
R-squared 0.265 0.382 0. 424 0.259 0.258 0. 655 0.413
Panel C
Green Travel Open —46.75""" -0.142 -0.705 —-54.447%% 35297 9.569 1. 591
(10.21) (0.116) (4.329) (13.78) (8.263) (7.731) (7.348)
Observations 1710 1710 1710 1 589 1710 1710 1710
R-squared 0.290 0. 400 0.413 0. 307 0.282 0. 426 0.536
Bike-sharing Open -39.26""*  -0.236"" -19.56""* -40.90"** -34.34*** 23.35"*% 1.795
(10.93) (0.102) (5.644) (13.72) (8.869) (4.785) (5.044)
Observations 925 925 925 863 925 925 925
R-squared 0.331 0. 300 0.516 0.411 0. 330 0.369 0.393
Rail Transit Open -66.70" " -0.289 2. 604 —~78.417%"  -48.95"*" 3.538 2.477
(15.52) (0.185) (5.662) (21.54) (12.66) (12.13) (11.29)
Observations 929 929 929 851 929 929 929
R-squared 0.245 0.519 0. 401 0.253 0.254 0.583 0. 686
30 ; (T p<0.01 *Fp<0.05 " p<0.1.
() v
1. 2 . 2 (2)
8 o
0,
2o N
8
AQI Cco NO, PM,, PM, ; 0, SO,
Bike-sharing Open x| -70.62°**  -0.374""F  -16.07°" -74.36"*F -59.217°* 1.661 —-5.067
( Market-oriented Bike-sharing)  ( 18.62) (0.107) (7.602) (19.67) (15.89) (6.667) (2.778)
Bike-sharing Open 14. 59 0.012 6 -3.673 6.384 10. 27 15.58" -0. 691
(23.38) (0.141) (10. 47) (25.31) (19.32) (8.519) (3.868)
Observations 191 191 191 191 191 191 191
R-squared 0. 466 0. 569 0. 626 0.612 0.470 0. 699 0. 626
N N 30
; D p<0.01 *p<0.05 " p<0.1,
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2017 11
2. 3 . 3 (2)
9 . PM,,
0,
PM,,
3 o
9
AQI co NO, PM,, PM, 0, S0,
Green Travel Open -38.67°"F -0.357"*" —13.65** -20.91 -38.76"*" 10.88""* -7.813*"
x| ( Bike-sharing) (14.47) (0.096 3) (4.332) (14.10) (12.23) (3.228) (3.271)
Green Travel Open -31.19 -0.0335 6.222 -28.51 -14.15 0.248 1.177
(20.29) (0.151) (7.147) (23.04) (17.27) (4.191) (4.629)
Observations 436 436 436 436 436 436 436
R-squared 0. 509 0.532 0.599 0.533 0. 506 0. 780 0. 815
Green Travel Open x 1 -36.31""  -0.176" —13.34"" -42.55* -31.16"" 4.616 -5.017"
( Market-oriented Bike-sharing) (16.67) (0.100) (5.420) (16.59) (14.15) (4.757) (2.853)
Green Travel Open -43.17"*  -0.227" 0.350 -26.59 -27.70° 5.582 -2.343
(18.82) (0.137) (6.882) (22.32) (16.13) (4.068) (4.239)
Observations 436 436 436 436 436 436 436
R-squared 0. 497 0.522 0.595 0.524 0.492 0.776 0.813
30 ; D p<0.01 "Fp<0.05 " p<0. 1,
N
2013—2017
(1)
. AQI. CO. PM,,» PM,,.
AQL. CO. PM, . co  NO,
- (2)
o 0,
- (3)
o PM,, O,
PM,, .
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Can Popularity of Rail Transit and Bike-sharing Improve

Air Quality? ——A Case Study on Wuhan City
SHEN Ren—Hun XIE Huan-yan LIN Yu-eong

Abstract: Rail transit and bike-sharing have become long—distance and short-distance green travel ways for resi—
dents. This paper takes the rail transit and bike-sharing in Wuhan city as an example and employs discontinuity
regression ( RD) to examine whether the usage of rail transit and bike-sharing improves the air quality in practice
based on the daily data and hourly data of air quality index ( AQI)  carbon monoxide ( CO) nitrogen dioxide
(NO,) particulate matter 10 ( PM,,)  particulate matter 2.5 ( PM, ) ozone ( O;) sulfur dioxide ( SO,)

. The result shows that: firstly the popularity of bike-sharing and rail transit decreases AQI CO PM,; PM,,
significantly and it still decreases AQl with the consideration that air quality may affect travel ways
endogenously. Additionally the paper conducts a heterogeneity test ( selecting the operational period of rail tran—
sit and the rush hours) and a counterfactual analysis ( selecting non-eperational period of rail transit) during dif—
ferent periods and the results remain the same. Secondly compared with municipal shared bikes market-ori—
ented shared bikes can reduce more pollution indicators except Os. Thirdly the popularity of bike-sharing can
improve the negative effect of rail transit on pollution indicators except PM,, and O;. Furthermore market-orien—
ted shared bikes can help rail transit significantly diminish PM,,. To sum up the paper draws a conclusion that
the popularity of rail transit and bike-sharing is beneficial to air quality; the construction of rail transit and public
facilities for bicycles and the regulation for the usage of market-oriented shared bikes are required so as to deal
with automobiles tailpipe pollution.

Key words: green travel; bike-sharing; rail transit; air quality; discontinuity regression
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