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Motivation

Urban areas are hotspots for traffic activity and exposures, and are growing

n u n n u

Cities are undertaking several “policies”, “actions”, “measures”, “strategies”
and “practices” (“policy interventions”) to reduce emissions, air pollution,
exposure, and negative health impacts

Ill

Number of available options increasing + technologies emerging — Bvidence
base is large but sporadic and not systematically assessed

Some reviews exist but only one reported methods a priori, and none hosted
results in an open-access database or tool
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Emissions level policy interventions aimed at reducing traffic emissions and/or TRAP from on-road mobile sources, thus
Traffic-related air pollution potentially reducing human exposures and adverse health effects and producing various co-benefits.
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Research aims

* |dentify, describe, and
summarize global evidence on
urban policy interventions to
reduce traffic emissions and/or

TRAP

- Primary outcomes of interest

* Recorded direction of impact
reported (Increase, Reduction,
, Mixed Effect)




Research aims

e Secondary outcomes and items — direction of impact not reported:
 Human exposure (yes/no + which pollutant)
* Health effect or impact (yes/no + which pollutant + which outcome)
* Co-benefits (which social, environmental + climate, economic)
* Barriers and enablers to implementation (which ones)



Inclusion criteria

 Articles that investigate policy interventions implemented in urbanized areas
(densely settled territory = 50,000 or more people) or urban clusters (> 2,500 people
but < 50,000 people) as defined by the United States Census Bureau

 Articles that investigate urban-level policy interventions’ impact on traffic emissions
(exhaust or non-exhaust) and/or TRAP originating from mobile on-road traffic

 Articles that investigate past, current, future or hypothetical changes in traffic
emissions and/or TRAP

* Articles reported in the English language
* Articles published between January 1, 2000, and June 1, 2020
* Articles that are peer-reviewed

= No restriction on intervention type, pollutant, location or method for analysis



Results

Screening Identification

Included

6130 records identified through database searches: )
e 4405 from TRID
e« 2282 from Embase
¢ 1536 from Medline

K. 907 from Public Affairs Index J

¢

[ 1602 duplicatesremoved ]

¥

7528 records screened at [ 6918 records J
the title and abstract level excluded

!

610 records screened atthe 234 records
full-text level excluded

v

[ 376 records includedin the SEM J




ReSU |tS Country Map

‘E}:s

1,139 unique policy intervention scenarios
380 packages (33%)

From 376 unique articles ;
58 types of unique policies -
6 categories

52 countries

307 unique urban/urbanized locations e ,.5{:\’*«;} e
Most policies studied in Europe (463), Asia (355 E-f l"ﬁ"‘x, ,;JJ Jr
), North America (206) Ll . L2
Least in South America (57), Africa (10), % E,_

Australia (7)

Cities most studied
* Beijing 81 scenarios
* London 78 scenarios

E LY

Map prepared by Rohit Jaikumar, Texas A&M Transportation Institute
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e Development density and mix
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¢ Public transport mode shift and promotion
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Results

* Only 3% of articles reported all elements of the full-chain
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TRAFFIC EMISSIONS DISPERSION EXPOSURE HEALTH IMPACTS

TECHNOLOGIES : i :
AND DISRUPTORS Full Chain from Air Pollution Sources to Health Impacts

Image from carteeh.org



Reduced greenhouse gas emissions/climatechange... 330

Reduced vehicle miles or kilometers traveled | 115
Reduced energy/fuel consumption _ J 98
Reduced traffic congestion — |95
Economic growth or savings | | 86
Reduced trip time or length | 84
Increased network speed ) 56
Reduced number of trips e 37
Increased transit use w0y 34
Increased safety —0u] 31
Increased active transportation el 31
Increased social welfare ] 10
Increased accessibility -J 9
Reduced health costs - 7
Job growth o 7
Reduced traffic noise J 5
Increased supply level for public traffic J 4
Reduced heat/urban heatisland J 4
Increased petrol savings | 2
Increased greenspace 1 2

0 50 100 150 200 250 300

Co-benefits Recorded (raw data included in the database): reported a total of 1,047 times in 204 unique articles



Query-able database (online)

Database ~ ,O Search (Alt+Q) Haneen Khreis (HK 5 m)

File Home Insert Page Layout = Formulas Data Review View Help  Table Design ] Comments |2 Share
J18 - B x S Vehicle emission norms and fuel specifications that were introduced from 1991 to 2004 across India as well as locally in Bangalore v
4 A~ | B | C | D | E | F | & | H N ) [4]
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ggl General Article Info llnter\rention Details
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. Publication - | - -
Entr\rﬁ Article E Author(s) — H JournalH URL to artu:le= Study Tw:aeH Urban Policy Intervention (Raw Data)
8 4 2 Huang et al. 2020a Evaluating the effectivenesyHuang, X., Zhang, Y., Wang, Y., Ou, Y., CH 2020 Science of tlhttps://doi.org/10 CS Vehicles with “Yellow label” (~136 thousar
9 5 2 Huang et al. 2020a Evaluating the effectivenesyHuang, X., Zhang, Y., Wang, Y., Ou, Y., Ch 2020 Science of tlhttps://doi.org/10 s 30% of the government-owned vehicles {~¢
10 6 2 Huang et al. 2020a Evaluating the effectivenesyHuang, X., Zhang, Y., Wang, Y., Ou, Y., CH 2020 Science of tlhttps://doi.org/10 (0 Vehicles {excluding taxies and buses) {~600
11 7 3 S 1. 2006|A‘Study on the IntroductiofSatiennam, T., Oshima, R., & Fukuda, A. e 0i.0r,q/10.1016/’5 s This work intends to propose su ;m-' ingsst
12 8 3 Satien I 6|A Study on the IntroductiolSatiennam, T., Oshima, R., & Fukuda, A. doi.org/10.1016/S cs This work intends to propose supportifig.st
13 9 3 Satiennam I. 2006| A Study on the IntroductiofSatiennam, T., Oshima, R., & Fukuda, A. IATS doi.org/10.1016/S CS This work intends to propose supporting st
14 10 4 Rutherford and OrtolaAir quality impacts of TokyyRutherford, D., & Ortolano, L. 2008 Transportat|https://doi.org/10 () The emission reductions seen in Figs. 5
15 11 5 Sabapathy 2008 Air quality outcomes of fue(Sabapathy, A. 2008 Transportat|https://doi.org/10 CS Vehicle emission norms and fuel specificat
16 12 5 Sabapathy 2008 Air quality outcomes of fue|Sabapathy, A. 2008 Transportat|https://doi.org/10 CS Vehicle emission norms and fuel specificat
17 13 5 Sabapathy 2008 Air quality outcomes of fuelSabapathy, A. 2008 Transportat|https://doi.org/10 CS Vehicle emission norms and fuel specificat
18 14 5 Sabapathy 2008 Air quality outcomes of fuelSabapathy, A. 2008 Transportat|https://doi.org/10 () Vehicle emission norms and fuel specificat !Zl
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https://carteehdata.org/library/dataset/urban-policy-intervention-f08c

Query-able database (online)

Traffic Emission Direction

Suspend

. . 0 . . . Reactive Secondar Volative
. o . Black Black Carbon |Elementa o Nitrogen |Nitrogen | Organic . Particulate|| Particulate Particulat : . | Sulfur Sulfur ed Total .
Traffic Emissions | Ammonia . Hydrocar Nitric .. . Particulate Organic |y Organic| | . . . Organic Other
Carbon | Smoke || Monoxide | | Carbon ) Dioxide Oxides | Carbon Matter2.5| Matter10 | e Matter Dioxide | Oxides | Particula|| Carbon Particles
Effect Reported? NH3 bons HC || Oxide NO Matter 1 PM1 Gases | Aerosols Compounds|| OTH
| | BC | BS | Cco | EC | | | | | oc | | PM25 PM10 || XPMX | | || s02 | 50X | te | FP | |
- - M - - - - | - | - - M - B ROGE SOARR - | | - [T - - M
¥ ER
¥ ER
¥ ER
b ER
b ER
¥ ER
b ER ER ER
¥ ER ER ER
Y ER ER ER
Y ER ER
N
N
N
N
b ER ER ER
¥ El ER ER
b ER ER ER
¥ ER ER ER ER
Y ER ER ER
¥ ER ER ER
v FR ER ER



https://carteehdata.org/library/dataset/urban-policy-intervention-f08c

Visual to display Traffic Emission Effects

Policy Interventions Pollutant

Ammonia |

Urban Policy Intervention (Urban Policy Codes) Black Carbon |

Agctive or non-motorized transport ie., bike or .. |

Country Map

Active transportation infrastructure |IEEGEG__
Air pollution charging fee Il
Alternative fuel technlogy | IEEEE——
Alternative vehicle technelogy |INEN
Bus rapid transit or mass rapid transit [
Congestion charging NG

density and mixed D — |
Electronic toll technalogy Il
Fleet management |
Flexible work arrangements |GGy
Fuel regulation or restriction | R
Fuel taxes or price increase |GG
Greenspace or blue space ||
High occupancy vehicie lane | NN
Inspection and maintenance program |G
Inteligent transport system |
Loading, unloading, and/or idiing regulation |NEG_G_—_—
Low emission zone |
Material coating [N
Mileage-based user fees [l
Park and ride [N
Parking charges |EEG———
Parking expansien il
Parking standarads. reduction or regulation | NN
Fricing incentives |EG_——
Public transit prometion or shift |
Public transporiation expansien |GG
Public transportation infrastructure [ N N R
Public transportation regulation |IIEGEGG__————_

Black Smoke

Carbon Menoxide ||

Elemental Carbon
Hydrocarbons [ [
Nitric Oxide |
Nitrogen Dioxide ||
Nitrogen Oxides [ [N
Organic Carbon
Other |
Particulate Matter 1
Particulate Matter 2.5 ]
Particulate Matter 10 ]Il
Particulate Matter X I.
Reactive Organic Gases
Secondary Organic Aerosols
Sulfure Dioxide .
Sulfure Oxides ||
Suspended Particulate Matter
Total Carbon
Total Organic Gases
Ultrafine Particles
Volatile Organic Compounds I

Real-time passenger information [l ] 50 100 150 200 250 300 350 400 450 500 550
Ride sharing promotion or shift | Frequency
Road pricing |
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https://tableau.tamu.edu/t/TTI/views/SEMDataVisualizationV2/SEMVisualizationDashboard?:showAppBanner=false&:display_count=n&:showVizHome=n&:origin=viz_share_link&:isGuestRedirectFromVizportal=y&:embed=y

Urban Policy Interventions to Reduce Traffic-Related Emissions and Air Pollution: Database for a Systematic Evidence Map

Haneen Khreis. University of Cambridge, hrk38@medschl.cam.ac.uk
Kristen Sanchez, Texas A&M Transportation Institute, k-sanchez@tti.tamu.edu
Margaret Foster, Texas A&M University, margaretfoster@tamu.edu
Jacob Burns, University of Munich, burns@ibe.med.uni-muenchen.de
Mark J. Nieuwenhuijsen, Barcelona Institute for Global Health, mark.nieuwenhuijsen@isglobal.org
Rohit Jaikumar, Texas A&M Transportation Institute, r-Jaikumar@tti.tamu.edu
Tara Ramani, Texas A&M Transportation Institute, t-ramani@fti.tamu.edu_
Josias Zietsman, Texas A&M Transportation Institute, j-zietsman@tti.tamu.edu

This dashboard hosts information from Urban Policy Interventions to Reduce Traffic Emissions and Traffic-Related Air Pollution: A Systematic Evidence Map. This project aimed to characterize the ev
on urban-level policy interventions that can reduce traffic emissicns and traffic-related air pollution (TRAP) from on-road mobile sources, thus potentially reducing human exposures and negative he

effect and impact. The dashboard represents information for 376 articles and 1,139 policy scenarios included in the Systematic Evidence Map. Users may query the data according to different topics
interest. Users may access the underlying Excel database from: https://carteehdata.org/library/dataset/urban-policy-intervention-f08c

Pie charts display the proportion of policy scenarios which report traffic emissions, TRAP, exposures, health effects and impacts. Click on "Yes" or "No" in each pie chart to select the studies associat
it.

Traffic Emissions Reported TRAP Reported Exposure Reported Health Reported

20% 3%

Yes o
¥

I

2%
Yes

B89%
No

A geographic map displays the frequency of policy scenarios studied in each country. Click on a country to select the studies associated with it.
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A geographic map displays the frequency of policy scenarios studied in each country. Click on a country to select the studies associated with it.
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Visual to display

Policy Interventions

Urhan Palicy IntenvanSon (Urban Palicy Codes)

Active or nen-motorized transport (i.e., bike or walk) promotion or
shift

Aclive frangporiation infrastructure

Alternative fuel technology

Congesfion charging

Development density and mixed developrents
Fleet management

Fuel regulation or restriction

Fuel taxes or price increase

Loading, unleading, andfor idling regulation
Pricing inceniives

Public transportation expansion

Public transporiafion infrasfructure

Roadway developmeant

Solid roadside barrier

Traffic signal optimization

Unconventional infersection or interseclion alteration
Urban sprawl

Vegelative roadside barrier, surface, or roof
‘ehicle emissicn regulation

\fehicle or manufacturing alteration

Wehicle rercuting or route oplimization

Vehicle retirement or replacement

Vehicle refrofitting

Vehicle use restriction
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Visual to display

Policy Interventions

Policy Inferventions
Pollutanis Studied

Health Effects and Impacts
Policy Enablers

Policy Barriers

Co-Benefiis

Analysiz Star and End Years
Publication Years

Soientific Joumnals

TG T =TT )

Development density and mixed developmenis
Fleef managemeni

Fuel regulation or restriction

Fuel faxes or price increase

Loading, unloading, andfor idling regulafion
Pricing inceniives

Fublic transportation expansion

Public franzporiation infrasfructure

Roadway development
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What is the direction of the effect on TRAP? What is the direction of the effect on Traffic Emissions?

TRAF Folutamt

Folutant

Ammaonia

Black Carbon

Black Smoke

Carbon Monaxide

Elemental Carbon

Hydrocarbons

Mitric Cxide

Nitrogen Dicxide

Mitrogen Oxides

Organic Carbon

Cther

Particulate Matter 1

Particulate Matter 2.5

Particulale Matter 10

Particulate Matter Absorbance

Ammonia

Black Carbon
Carbon Monoxide
Elemental Carbon
Hydroecarbons
Mitrogen Dioxide
Mitrogen Oxides .
Cther
Particulate Matter 2.5

Particulale Matter 10

Parficulate Matter X I Parficulate Matter X
Respirahlg. Suszpended
Parlioulale Matter Reactive Organic Gases
Sulfure Dioxide - l
Sulfure Oxides Sulfure Dicxide
Suspended Parficulale Matter
Sulfure Oxides
Ultrafine Particles
Volative Organic C ounds Wolafive Crganic Compounds
T T T T T T
100 200 300 50 100 150
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List the articles associated with selected parameters in Sections 1 to 3. Click on a reference to be redirected to the article page.

Avrticle List
Acero et al. 2012 Impact of lacal urban design and fraffic restrictions on air quality in a medium-sized town
Adiang et al. 2017 Projecting impacts of two-wheelers on urban air quality of Douala, Cameroon
Aggarwal and Jain 2015 Impact of air pollutants from surface transport sources on human health: A modeling and epidemiological approach
Alam et al. 2014b Traffic Emissions and Air Quality Near Roads in Dense Urban Meighborhood: Using Microscopic Simulation for Evaluating Effects of Viehicle Fleet, Travel Demand, and Road Metwork Changes
Amann et al. 2017 Managing future air guality in megacities: A case study for Delhi
Amato et al. 2010 A comprehensive assessment of PM emissions from paved roads: Real-world Emission Factors and intense street cleaning trials
Arghavani et al. 2019 Mumerical evaluafion of urban green space scenarios effects on gaseous air pollutants in Tehran Metropelis based on WRF-Chem model
Baik et al. 2012 Effects of building roof greening en air quality in street canyons
Baldazano et al. 2010 Air pollution impacts of speed limitation measures in large cities: The need for improving traffic data in a metropolitan area
Bechle et al. 2017 Does Urban Form Affect Urban NO2 ? Satellite-Based Evidence for More than 1200 Cities
Begum et al. 2006 Impact of Banning of Two-Stroke Engines on Airborne Particulate Matter Concentrations in Dhaka, Bangladesh
_Bel and Halst 2018 Fvalnafion of the imnact of Bus Ranid Transit an_air nollution in Mexicn City




6. Co-benefits: Frequency of policy scenarios that document each co-benefit.
7. Analysis Start and End Years: Frequency of policy scenarios that document each
tart and end analysis year.

Visual to display

|Fu|ic5,r Interventions -

Urban Palicy Intarvention (Urban Palicy Codas)

TRAF Folutant

Aclive fransporiation infrastructure

Alternative fuel technology

Congestion charging

Development density and mixed developments

Fleet management

Fuel regulation or restriction

Inspection and maintenance program

Lowr emission zone
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Public transportation expansion

Solid roadside barrier

Speed bump development

Speead limit regulation or reduction

Superblock development

Trafiic signal opiimization

Urban sprawl

Vegetalive roadside barrier, suriace, or roof

‘Wehicle emission regulation

Vehicle retirement or replacement

‘ehicle refrofitfing

Wehicle use restriction
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Visual to display

Palicy Interventions

Urban Palicy Inlanvanion (Urban Policy Codes |
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Alternative fuel technology

Fleet management
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Visual to display

Policy Interventions

Uran Palicy Inlanvention (Urban Policy Codies)

TRAP Poliutant

Altemnative fuel technology

Mitrogen Dicxide

Article List

Davis 2017

Saturday Driving Restrictions Fail to Improve Alr Quality in Mexico City

Fontes et al. 2018

A proposed methodology for impact assessment of air quality trafiicrelated measures: The case of PM2.5 in Beijing

Lowr emigsion zone

Public transportation expansion

Speed limit regulation or reduction

Trafiic signal oplimization

Urban sprawl

‘fehicle emission regulation

Vehicle refrofitting

Vehicle use restriction
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“NTIFIC REPQRTS

OPEN Saturday Driving Restrictions Fail
‘to Improve Air Quality in Mexico
City

Received: 14 November 2016 Lucas W. Davisl2

Accepted: 20 December 2016
published: 02 February 2017 Policymakers arluund th.e world are turnln.g to |IEEI'ISE-F3|€I1:E based driving I’EStI’ICtIDI‘IS‘ in an e‘ffort to

. address urban air pollution. The format differs across cities, but most programs restrict driving once or

. twice a week during weekdays. This paper focuses on Mexico City, home to one of the oldest and best-

. known driving restriction policies. For almost two decades Mexico City’s driving restrictions applied

- during weekdays only. This changed recently, however, when the program was expanded to include

. Saturdays. This paper uses hourly data from pollution monitoring stations to measure the effect of the

. Saturday expansion on air quality. Overall, there is little evidence that the program expansion improved

: [air quality. Across eight major pollutants, the program expansion had virtually-nu discernible effect

- on pollution levels. These disappointing results stand in sharp contrast to estimates made before the

: | expansion which predicted a 15%+ decrease in vehicle emissions on Saturdays. To understand why the
. | program has been less effective than expected, the paper then turns to evidence from subway, bus, and
- | light rail ridership, finding no evidence that the expansion was successful in getting drivers to switch to
. | lower-emitting forms of transportation.




co | No | NOo, | NOox | O, | PM, | PM,; | SO, | Stacked
A. Mean Pollution, All Hours (in logs)
—0.028% —0.010 0.008 —0.001 0.011 0.024 0.027 0.011 0.005
(0.014) 0.027) | (0.012) | (0.016) | (0.020) | (0.020) | (0.025) | (0.054) | (0.016)
B. Maximum Pollution, All Hours (in logs)
—0.015 0.013 0.015 0.008 0.000 0.045 0.032 0.026 0.016
(0.022) (0.035) | (0.019) | (0.024) | (0.024) | (0.026) | (0.031) | (0.073) | (0.019)

Table 2. The Effect of Driving Restrictions on Saturday Pollution Levels. Note: This table reports estimates
and standard errors from 18 separate regressions all estimated using daily observations from 2005 to 2011.

The dependent variable varies across regressions as indicated in the panel and column headings. CO is carbon
monoxide, NO is nitric oxides, NO, is nitrogen dioxide, NO, is nitrogen oxides, O, is ozone, PM, is large
particulates, PM, 5 is small particulates, and SO, is sulfur dioxide. All dependent variables are measured in logs
and all regressions control for a fifth-order polynomial in time, meteorological variables, and fixed effects for
week-of-year and day-of-week. Standard errors, in parentheses, are robust to heteroskedasticity and arbitrary
serial correlation within week-of-sample. An asterisk indicates statistical significance at the 5% level.
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Figure 1. Mean Daily Air Pollution on Saturdays in Mexico City.




No information in our database on statistical significance level
It is meant a starting point — not developed/final answers
User engagement and critical assessment is expected (a lot of
nuance that summarized info does not do justice)
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We did not...

* Look at effects of other pathways, comparable to — or with larger impact

than - air pollution e.g. physical inactivity, motor vehicle crashes (Mueller
et al., 2015)

 But if you do = land-use and behavioural policies are very promising!

* 50-70% statistically significant
reduction in injuries in London Low

Traffic Neighbourhoods (LTN) (Laverty
et al, 2021; Goodman et al., 2021)

) Land-use — 77

! e Development density and mix
? A * Transit oriented development
"% e Parking expansion

AN

* Physical activity from walking + :
) . Behavioural — 116
cycling increased by 2 hours/week | | |
. . ¢ Public transport mode shift and promotion
in LTN residents after 2 years (Aldred \ « Active transportation mode shift and promotion
and Goodman 2021) N ¢ Flexible working arrangements and ride sharing
* Modest (5.7-8.9%) NO, reduction

effect (vang et al., 2022)



https://findingspress.org/article/18330-the-impact-of-introducing-low-traffic-neighbourhoods-on-road-traffic-injuries
https://findingspress.org/article/18330-the-impact-of-introducing-low-traffic-neighbourhoods-on-road-traffic-injuries
https://findingspress.org/article/25633-impacts-of-2020-low-traffic-neighbourhoods-in-london-on-road-traffic-injuries
https://findingspress.org/article/21390-the-impact-of-low-traffic-neighbourhoods-on-active-travel-car-use-and-perceptions-of-local-environment-during-the-covid-19-pandemic
https://findingspress.org/article/21390-the-impact-of-low-traffic-neighbourhoods-on-active-travel-car-use-and-perceptions-of-local-environment-during-the-covid-19-pandemic
https://www.sciencedirect.com/science/article/pii/S1361920922003625

Summary

* Created an open access database + tool for researchers, practitioners
and policy makers

* Address some of the principal weaknesses in policy generation and
selection: e.g. over-reliance on preconceived ideas; a lack of
awareness of range of measures available; and their effectiveness, no
systemized evidence base

* Limited by:

* Recency of studies included, up to 2020

* Potential publication bias
Concentration of evidence in high income countries and on certain categories
Most studies assess traffic emissions and not exposures and health impacts
Some studies lump and simultaneously study = 2 policies in one scenario
Not assessing other pathways (each can be a SEM of its own!)



Land Use and the
Built Environment

Urban design, development
decisions, density, diversity,
distance to public
transportation, destination
accessibility, distribution
centers, other

Transportation Transportation

Infrastructure > Mode Choice
Construction, maintenance, and Car, public transportation,
rehabilitation of roads, parking walking, cycling,
spaces, cycling and pedestrian freight, other

lanes, public transportation
hubs, freight hubs, railways,
electric grids, electricity
generation stations, other

Transportation
Technologies
and Disruptors
Connected, autonomous,
shared, zero and near-zero
emissions passenger
and freight vehicles; 3-D
printing; other

Urban and Transportation

Planning and Policy

BENEFICIAL TO HEALTH

DETRIMENTALTO HEALTH

Green Spaces Physical
and Aesthetics Activity

Access Mobility
Independence |

I
L Social
Contamination  gyclusion

OO0
D@

ommunity Electro-
Severance magnetic
Fields

PATHWAYS TO HEALTH

Noise

B Yse

4 - \ p o N
QL 05°0
{ Co;
Greenhouse
Stress
Gases

Motor Vehicle

H
St Crashes

Extrinsic and
Intrinsic Effect
Modifiers

A

Socioeconomic status,
co-exposures, nutrition,
stress, age, sex, ethnicity,

genetics, other

MORBIDITY

(Disease)

PREMATURE MORTALITY
(Death)

Glazener et al., 2021



https://www.sciencedirect.com/science/article/pii/S2214140521001006

Thank you!

Email: hrk38 @medschl.cam.ac.uk
Twitter: @HaneenKhreis



mailto:hrk38@medschl.cam.ac.uk
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