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Research questions

1. Do transportation restriction policies help to improve air quality?

2. What are the short term and long term impacts of these policies?

3. Will these policies help to mitigate urban environmental injustice, 
via what venue?
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1. PM2.5 has growing impact not only on climate but human health
• Permanent DNA mutations, heart attacks and premature deaths (Roy, Hu, 

Wei, Korn, & Zhang, 2012). 
• acute (Chen, Zhao, & Kan, 2013) and chronic (Chu, et al., 2015) human 

health problems. 

2.  PM2.5 is increasingly contributed from urban transportation
• road traffic emissions contribute between 10-20% of the overall PM2.5

emissions of the city (Li, et al., 2015; Yang, Chen, Wen, Tian, & Liu, 2016)
• in cities the hotspots of PM2.5 concentrations are usually located in road lines 

(Huang, Deng, Wu, & Guo, 2012) and usually the levels of pollution 
decreases when distance to the main roads increases (Kimbrough, et al., 
2012)

• Higher level of congestion by higher car ownership
• Highest average commute time due to imbalance job-housing balance
• Urban freight transport is one of the biggest emission contributor

3. Transport policies have been implemented globally to contain this problem. 
Beijing follows this fashion.



Policy background in Beijing

Overview of the transport policies implement in Beijing between 1990 and 2015.
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Transportation policies effect evaluation

• A significantly decline of PM2.5 emission with improving vehicle technology 
(Shen et al., 2014) ; this significance was not found in other studies (Wang, 
Fu, Zhou, Du, & Ge, 2010; Huo, et al., 2012). 

• Traffic control during 2008 Beijing Olympic Games reduced traffic flow by 22-
43% (Zhou, et al., 2010; Wang & Xie, 2010) but no PM2.5 concentrations 
changes were found (Wang, Fu, Zhou, Du, & Ge, 2010; Okuda, et al., 2011).

• Traffic control is playing an essential role in mitigating urban vehicle 
emissions. This is particular true for PM2.5 emissions. (Zhang et al. 2014)



Research Gap
• Although the long term impacts on emissions were analysed, the 

impacts on air quality have been a subject frequently ignored
• Only the impact of some temporal traffic policies on air quality 

were analysed.
• Lack of case in developing countries on transport policy effect, 

controlling meteoroidal data



policies studied in this research
• In this study the impacts of two road traffic policies on PM2.5 were 

evaluated: 
(P1) has restricted the circulation of yellow-labelled vehicles (YLB) 
A policy introduced in 2003 that have restricted YLV to drive inside the Second-Ring 

Road of the city. 
Policy 1 was introduced in October 1st, 2009. With this policy the YLV were restricted 

to drive within the Sixth-Ring Road of Beijing (BENDIDAO, 2013). 
Such policy was an enlargement of from October 11th, 2014, YLV registered outside 

of Beijing were forbidden to run within Beijing administrative area (BJLZJ, 2014).

(P2) has restricted the circulation of heavy duty vehicles (HDV). 
Local freight vehicles (heavy and light)  were restricted to drive within Fourth-Ring 

Road between 6 a.m. and 11 p.m. implemented in 2004 (BJLZJ, 2014)
Policy 2 was introduced in April 11th, 2014. With this policy local freight vehicles 

(heavy and light)  were restricted to drive within Fifth-Ring Road of Beijing



Research Design – study area 

Location of the main arterials and the stations used to collect data in Beijing city



Research Design – data collection

Air quality and meteorological variables used in the study

Variable Abbreviation Frequency Period Units
Sample

s(N)

Air quality

PM2.5 concentrations CPM2.5 Hour

01/01/2008-30/11/2015

µg.m-3 61,294

PM2.5 exceedances EPM2.5 Daily n.º 
exceedances

2,453

M
et

eo
ro

lo
gy

Station
1

Temperature Ts1

Hour 01/01/2008-10/08/2014

°C 56,272

Humidity Hs1 % 56,282

Wind speed WSs1 m.s-1 56,273

Pressure Ps1 mbar 56,272

Station
2

Temperature Ts2

Hour 01/01/2014-30/11/2015

°C 16,775

Humidity Hs2 % 16,775

Wind speed WSs2 m.s-1 16,775

Pressure Ps2 mbar 16,775



Methodology

*Ex-post approach has been shown to successfully 
mitigate and even eliminate hypothetical bias
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Average values ( �𝑉𝑉) for several meteorological parameters (T, H, P and WS) observed before (DB) and after (DA) of 
the implementation of a policy. The values were computed only for the similar days identified to assess the impacts 

of policies 1 and 2.

Data Examination



Data Examination
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Descriptive statistics (r, IOA, MBE and RMSE) for the key meteorological variables (T) and days 
with similar weather conditions used to assess the impacts of policies 1 and 2.

Data Examination – e.g. Temperature

we selected a total of 751 days distributed between 2008 and 2015. 
79 days used to assess the impacts of policy 1 and 
145 days used to assess the impacts of policy 2.

Criteria
𝒓𝒓≥0.75 ; 𝑰𝑰𝑰𝑰𝑰𝑰≥0.5. 

• For P1: rT=0.9±0.1, rH=0.9±0.1, IOAT=1.0±0.1, IOAH=1.0±0.0, MBET=0.3±2.9, MBEH=0.0±0.2, RMSET=3.4±1.8,
RMSEH=0.2±0.1; 

• For P2: rT=0.9±0.0, rH=0.9±0.1, IOAT=1.0±0.1, IOAH=0.9±0.1, MBET=-0.2±3.2, MBEH=-0.1±0.2, 
RMSET=3.3±1.7, RMSEH=0.2±0.1



Policy evaluation
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Descriptive statistics (FB) to assess the variability of PM2.5 concentrations (µg.m-3) between 2008 and 2015.

 maximum values of FB achieves 1.7 and 1.6 for policies 1 and 2 respectively.
This suggests that a consistent decreasing of PM2.5 concentrations was 
observed. 

 the pattern of FB between 2008 and 2015 is sinusoidal. 
This means that the benefits with the introduction of the policy disappear 
with the time. 



Source: Prof. Pengjun Zhao  Dec. 2nd



Conclusions so far
 Transportation demand management policy might provide short term 

incentive but might not be a efficient tool to contain vehicle emission 
and improve air quality in the long term

 Environmental injustice might not be best mitigated by regional TDM 
efforts

 The policy benefits can happen by adapting drivers to other travel 
modes.



Next steps
Spatially: 
1.Whether living or working with higher proximity to main traffic 
lines associates with higher related chronic or respiratory disease?
2.whether disadvantage people live closer to traffic line with 
higher pollution?

Timely: 
1.whether population flow, city development and gentrification 
overtime expose low incomer, children and elderly people to 
higher level of traffic emission?



Think about geographical and climate difference



5 megacities



Site Period
PM2.5 concentrations in µg.m-3 (number of samples)

Spring Summer Autumn Winter
BJ 2008

2009
2010
2011
2012
2013
2014
2015

100.4±62.84 (1995)
89.42±68.9 (1772)

90.7±64.0 (2020)
88.3±68.1 (1960)
91.8±65.0 (2118)
87.5±63.9 (2160)
75.5±50.8 (2161)
64.4±49.9 (2153)

70.59±49.3 (1950)
107.3±64.5 (2123)
114.1±73.3 (1888)
102.0±75.8 (2030)

73.5±56.9 (2025)
73.7±52.3 (2189)

-
49.0±36.8 (2202)

-
118.3±112.5 (1984)
117.3±125.3 (2149)
119.9±107.9 (2074)

96.7±91.8 (2052)
98.7±98.7 (2180)

-
119.8±127.5 (2190)

-
-

93.9±87.7 (2034)
85.0±108.1 (1969)
99.7±101.8 (2100)

147.5±137.7 (2149)
133.3±122 (2148)
98.1±90.3 (2118)

CH 2013
2014
2015

-
63.2±38.8 (1719)
70.1±35.9 (2179)

70.6±38.9 (2030)
61.6±35.7 (2073)
54.2±27.9 (2010)

104.1±56.4 (2114)
112.1±62.7 (1782)

86.0±49.8 (2131)

-
155.7±77.4 (1793)
115.6±72.5 (2155)

GZ 2012
2013
2014
2015

72.1±62.1 (2000)
50.8±35.1 (1717)
52.3±42.9 (1722)
29.1±23.1 (2174)

43.4±27.4 (2181)
-

27.9±20.5 (2184)
30.7±16.2 (2202)

66.8±34.7 (1911)
-

56.1±26.6 (2086)
39.7±25.9 (2107)

-
71.6±38.3 (2064)
64.2±37.1 (2105)
59.2±36.7 (2112)

SH 2012
2013
2014
2015

49.1±30.7 (1984)
53.1±32.5 (1641)
51.7±28.9 (2164)
43.0±22.4 (2033)

28.8±27.9 (2179)
28.8±19.3 (1558)
31.6±23.8 (2138) 
33.2±20.1 (2145)

62.5±44.5 (2169)
79.2±67.4 (2203)
55.8±36.6 (2169)
59.4±44.9 (2075)

61.8±42.8 (2160)
77.4±56.5 (2137)
60.1±44.5 (2153)
67.5±49.6 (2125)

SY 2013
2014
2015

53.8±40.8 (1641)
59.7±40.6 (2031)
51.1±29.7 (2127)

43.5±33.2 (1558)
52.2±36.4 (2042)
38.0±28.3 (1514)

93.4±75.9 (2187)
107.0±89.0 (2195)

112.0±100.2 (2195)

-
90.4±59.9 (2136)

103.0±84.4 (2086)

Dataset with 
less than 75% of 
data in each 
season

Lowest average 
seasonal 
concentration in 
the year

Highest average 
seasonal 
concentration in 
the year

Lowest 
concentrations

Highest 
concentrations



4. Results: Winter

PM2.5 concentrations:
- High
- Medium
- Low



4. Results: Summer

PM2.5 concentrations:
- High
- Medium
- Low
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