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Methods overview

All emissions 
by source 
category

Ambient PM2.5and ozone 
concentrations

Ambient PM2.5and ozone 
related deaths

Valuation of 
PM2.5 and 

ozone 
damages

Emissions from four 
transportation subsectors 
(on-road diesel vehicles, 
on-road non-diesel 
vehicles, international 
shipping, non-road 
mobile sources) and non-
transportation sources

State-of-the-science global 
atmospheric model 
accounting for meteorology 
and chemistry, combined 
with satellite observations 
(GEOS-Chem)

Established health 
impact assessment 
methods consistent with 
Global Burden of 
Disease 2017 Study

Welfare loss associated 
with premature deaths 
using Value of a 
Statistical Life (VSL) and 
benefit-transfer approach

The study evaluated only the impacts of tailpipe emissions and excluded other transportation 
health impacts. Applying GBD 2017 methods, it considered health impacts from direct exposure 
to PM2.5 and ozone, not NO2, which is associated with asthma incidence among children and 
asthma emergency department visits. Estimated PM2.5 and ozone health impacts are likely 
undercounted for several reasons; see the paper for discussion.
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The study evaluated the health burden attributable to tailpipe 
emissions of four transportation subsectors.
§ On-road diesel vehicles include passenger cars, light commercial vehicles, trucks, and buses with diesel engines. In 

China and India, this category includes three-wheeled freight vehicles used for on-road applications. Diesel is the principal 
fuel; these activities also include a small share of biodiesel typically blended into diesel fuels.

§ On-road non-diesel vehicles include passenger cars, light commercial vehicles, two-wheeled vehicles, and three-
wheeled vehicles, as well as trucks and buses fueled by gasoline, LPG, CNG, electricity, or other non-diesel fuels.

§ Non-road mobile sources include rail, agricultural equipment, construction machinery, inland shipping, and other non-
road mobile machinery. Most of these activities are fueled by diesel; some are fueled by gasoline, LPG, electricity, or 
other fuels. Rail is the principal source of electricity consumption.

§ International shipping includes container ships, bulk carriers, cargo ships, tankers, cruise ships, fishing vessels, ferries, 
and other service vessels. The main fuels for these activities are residual fuels, which include heavy fuel oil; diesel, also
referred to as distillates; and a smaller amount of LNG.
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2. METHODS

We estimate the PM2.5- and ozone-attributable health burden globally from 
transportation tailpipe emissions in 2010 and 2015. Other air pollution-related health 
impacts of the transportation sector include evaporative emissions, emissions from 
brake and tire wear, and resuspension of road dust. Additional important aspects of 
how the transportation sector interacts with public health include injuries and fatalities 
from vehicle accidents and physical activity health benefits from active transportation. 
We restrict our analysis to the air pollution-related health impacts of transportation 
tailpipe emissions. We estimate the health impacts of transportation emissions in 2010 
and 2015 using a series of steps for each year: (a) obtain globally gridded emissions 
inventories for transportation and all other emissions from existing datasets; (b) simulate 
the influence of transportation emissions on PM2.5 and ozone concentrations using 
the GEOS-Chem chemical transport model; and (c) estimate health impacts of PM2.5 
and ozone concentrations using epidemiologically derived health impact functions. 
Similar methods have been used by many other studies focusing on health impacts of 
ambient air pollution globally (Anenberg, Horowitz, Tong, & West, 2010; Anenberg et 
al., 2018; Cohen et al. 2017; Malley, Henze et al., 2017) and from various emitting sectors 
(Anenberg et al., 2017; Chambliss et al., 2014; Lelieveld et al., 2015; Silva et al., 2016). 

2.1. EMISSIONS
In addition to examining the transportation sector as a whole, we evaluate the health burden 
attributable to emissions of four transportation subsectors (see Table 1). On-road diesel 
vehicles include passenger cars, light commercial vehicles, trucks, and buses with diesel 
engines. In China and India, this category includes three-wheeled freight vehicles used 
for on-road applications. Diesel is the principal fuel for these activities; this category also 
includes a small share of biodiesel, which is typically blended into diesel fuels. On-road non-
diesel vehicles include passenger cars, light commercial vehicles, two-wheeled vehicles, 
and three-wheeled vehicles, as well as (a smaller population of) trucks and buses fueled 
by gasoline, liquefied petroleum gas (LPG), compressed natural gas (CNG), electricity, or 
other non-diesel fuels. Non-road mobile sources include rail transportation, agricultural 
equipment, construction machinery, inland shipping, and other non-road mobile machinery. 
Although most of the activities in this category are fueled by diesel, this category also 
includes activities fueled by gasoline, LPG, electricity, or other fuels. Rail is the principal 
source of electricity consumption in this category. International shipping includes container 
ships, bulk carriers, cargo ships, tankers, cruise ships, fishing vessels, ferries, and other 
service vessels. The main fuels for these activities are residual fuels, which include heavy fuel 
oil; diesel, also referred to as distillates; and a smaller amount of liquefied natural gas (LNG).

Table 1. Definition of transportation subsectors evaluated in this study.

Transportation Subsector Main Fuel Types Data Source

On-road diesel vehicles Diesel ICCT (Miller & Jin, 2018)

On-road non-diesel vehicles Gasoline, LPG, CNG IIASA (ECLIPSE v5a)

Non-road mobile sources Diesel, gasoline, LPG, electricity IIASA (ECLIPSE v5a)

International shipping Residual fuels, diesel, LNG ICCT (Comer et al, 2017) 

Note: The International Institute for Applied Systems Analysis (IIASA) is an Austrian-based independent, 
international research institute. Its ECLIPSE project is developing and evaluating emission abatement strategies 
for short-lived substances such as ozone and black carbon. More information is at http://www.iiasa.ac.at/web/
home/research/researchPrograms/air/ECLIPSE.en.html
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These simulations allowed the calculation of, for each pollutant (PM2.5 and ozone), country, 
source category, and year:

§ Transportation Attributable Concentration (TAC). The difference in concentrations 
from zeroing out a given source category compared with the base case (i.e. the absolute 
contribution of that source category to ambient air pollution, in units of concentration).

§ Transportation Attributable Fraction (TAF). The fractional difference in total mortality 
from the zero-out scenario compared to the baseline (i.e. the percent of total air pollution 
mortality attributable to transportation tailpipe emissions and each subsector).

Unlike TAC, TAF is influenced by non-transportation emission sources, since the 
denominator is total PM2.5 and ozone mortality, which are affected by many different 
emission sources.

Six air quality simulations estimate concentrations (1) with all emissions and 
(2-5) zeroing out each subsector and (6) all transportation emissions.
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1. Gridded burden of disease from total ambient PM2.5 and ozone
§ Mortality, disability adjusted life years (DALYs), years of life lost (YLL)
§ PM2.5 health impacts: ischemic heart disease, stroke, chronic obstructive pulmonary 

disease, lung cancer, lower respiratory infection
§ Ozone health impacts: chronic respiratory disease
§ Baseline disease rates from IHME for 2010 and 2015
§ Gridded impacts (0.1 x 0.1 degree) summed to national and urban boundaries

2. Health impacts from transportation tailpipe emissions
§ Multiply gridded PM2.5 and ozone health impacts by TAF for each subsector
§ Avoids dependency of results on order in which emissions were zeroed out
§ Avoids potential biases in air quality modeling, which largely cancel out in TAF
§ TAF could be applied to future estimates as health impact methods advance

Gridded transportation health impacts were calculated using 
gridded total ambient PM2.5 and ozone burdens and TAF.
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The United States also had high TAFs of 25% for PM2.5 and 12% for ozone in 2010. As in 
the EU, one potential factor in a high TAF is a low denominator, indicating successful 
efforts to control emissions from other sources. The U.S. PM2.5 TAF declined 13% from 
2010 to 2015 (from 25% in 2010 to 21% in 2015), indicating that the introduction of 
world-class standards in the United States (e.g., Tier 2 LDV standards and EPA 2010 HDV 
standards) resulted in the contribution of transportation sources declining faster than 
other sectors over that period.

20152010

BC

0                          0.3                             0.6 0                          0.3                             0.6

Ozone

0                          0.125                      0.25 0                          0.125                      0.25

PM2.5

0                          0.125                      0.25 0                          0.125                      0.25

Figure 3. National population-weighted TAF (unitless) for PM2.5, ozone, and BC in 2010 and 2015. 
BC TAFs are estimated from simulated concentrations because we did not estimate BC-specific 
mortality separately from PM2.5 mortality. 

Figure 3. National population-weighted transportation-attributable 
fraction (TAF) for PM2.5 and ozone in 2010 and 2015.

Anenberg, A., Miller, J., Henze, D., and Minjares R. (2019) A Global Snapshot of the Air Pollution-Related Health Impacts of Transportation Sector Emissions in 2010 and 
2015. Washington, DC: International Council on Clean Transportation. https://www.theicct.org/publications/health-impacts-transport-emissions-2010-2015

https://www.theicct.org/publications/health-impacts-transport-emissions-2010-2015
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Figure 4. Maps showing the change in national population-weighted average transportation-
attributable concentrations from 2010 to 2015 (annual average for PM2.5, 6-month average 
of the 8-hour daily maximum for ozone).

Anenberg, A., Miller, J., Henze, D., and Minjares R. (2019) A Global Snapshot of the Air Pollution-Related Health Impacts of Transportation Sector Emissions in 2010 and 
2015. Washington, DC: International Council on Clean Transportation. https://www.theicct.org/publications/health-impacts-transport-emissions-2010-2015
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Figure 4. Maps showing the change in national population-weighted average transportation-
attributable concentrations from 2010 to 2015 (annual average concentration for PM2.5 and BC, 
6-month average of the 8-hour daily maximum for ozone).

https://www.theicct.org/publications/health-impacts-transport-emissions-2010-2015
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Table 3. Global air quality and health impacts of transportation tailpipe emissions in 2010 
and 2015. For premature deaths, 95% confidence intervals reflect uncertainty in the relative 
risk estimate only.

Anenberg, A., Miller, J., Henze, D., and Minjares R. (2019) A Global Snapshot of the Air Pollution-Related Health Impacts of Transportation Sector Emissions in 2010 and 
2015. Washington, DC: International Council on Clean Transportation. https://www.theicct.org/publications/health-impacts-transport-emissions-2010-2015

16

ICCT REPORT

16

impacts translate into 5.43 deaths per 100,000 people globally in 2010 and 5.38 deaths 
per 100,000 people in 2015. Global transportation-attributable deaths were associated 
with an estimated 7.9 million YLL in 2010, and 7.8 million YLL in 2015, with 88% of these 
from PM2.5. The global welfare loss associated with transportation-attributable deaths 
was approximately $1 trillion (in 2015 US$) in 2010 and 2015. These damages in 2015 are 
approximately 0.6% higher than in 2010 and represent 17% of total ambient PM2.5- and 
ozone-related health damages in 2015. Applying the World Bank methodology for VSL 
yields a 2015 estimate of approximately $670 billion in PPP-adjusted 2011 international 
dollars. Overall, PM2.5 and ozone mortality from on-road diesel emissions increased 
by 2%, while those from on-road non-diesel emissions decreased by 9%. However, 
these global results mask substantial heterogeneity among regions and countries 
around the world (see Figure 6), with some countries exhibiting substantial changes in 
transportation contributions to air pollution within just these five years (see Figure 7).

Table 3. Global air quality and health impacts of transportation tailpipe emissions in 2010 and 2015. For premature deaths, 
95% confidence intervals reflect uncertainty in the relative risk estimate only.

Measure Description Metric 2010 2015

Transportation-
attributable 
concentration 
(TAC)

How much do tailpipe emissions 
from transportation sources 
contribute to global population-
weighted air pollutant 
concentrations?
Units: depends on pollutant

annual average PM2.5 2.9 µg/m3 3.0 µg/m3 

6-month average of the 
8-hour daily maximum 

ozone
5.5 ppb 5.6 ppb

annual average BC 0.2 µg/m3 0.2 µg/m3

Transportation-
attributable 
deaths

How many premature deaths 
are associated with global 
transportation-attributable 
concentrations of PM2.5 and ozone? 
Units: thousands (95% confidence 
interval)

ambient PM2.5 deaths 312
(240–386)

330
(255–408)

ambient ozone deaths 49
(18–76)

55
(20–85)

total ambient PM2.5 and 
ozone deaths

361
(258–462)

385
(274–493)

Transportation-
attributable 
fraction (TAF)

What fraction of ambient air 
pollution deaths are attributable 
to tailpipe emissions from 
transportation sources? Units: 
percent

PM2.5 11.9% 11.6%

ozone 10.4% 10.7%

total PM2.5 and ozone 11.7% 11.4%

Transportation 
health damages

What is the welfare loss due to 
global transportation-attributable 
deaths? Units: 2015 US$

PM2.5 $900 billion $891 billion

ozone $70 billion $85 billion

total PM2.5 and ozone $970 billion $976 billion

https://www.theicct.org/publications/health-impacts-transport-emissions-2010-2015
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Figure 8. Transportation-attributable PM2.5 and ozone deaths, 
associated mortality rates, and population in G20 economies in 2015.

Anenberg, A., Miller, J., Henze, D., and Minjares R. (2019) A Global Snapshot of the Air Pollution-Related Health Impacts of Transportation Sector Emissions in 2010 and 
2015. Washington, DC: International Council on Clean Transportation. https://www.theicct.org/publications/health-impacts-transport-emissions-2010-2015
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standards—which apply only to new vehicles—have yet to be fully realized for the 
existing (in-use) vehicle fleet. The proven benefits of advanced vehicle emission control 
technologies also demonstrate that absent such policies and earlier stages of emission 
control, the situation in 2015 would have been considerably worse (Bishop, Schuchmann, 
& Stedman, 2013; Chambliss, Miller, Façanha, Minjares, & Blumberg, 2013).
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Figure 8. Transportation-attributable PM2.5 and ozone deaths, associated mortality rates, and 
population in G20 economies in 2015.

3.5. IMPACTS BY TRADE BLOC
We further assessed this spatial heterogeneity in transportation emissions impacts 
by trade bloc, as these groups of countries with formal trade agreements have 
opportunities for coordinated action to harmonize vehicle emission standards, fuel 
quality standards, and other policies that affect vehicle emissions. Table A1 lists the 
identified trade bloc for each country (labels starting with “other” indicate the absence 
of an identified trade bloc). Considering PM2.5 and ozone together, the trade bloc with 
the highest TAF consisted of the European Union and European Free Trade Association 
(EU and EFTA) which had 11.9 deaths per 100,000 people and a TAF of 25%. That was 
followed by the North American Free Trade Agreement (NAFTA), with 6.7 deaths per 
100,000 people and a TAF of 20%, and Japan, with 8.3 deaths per 100,000 people 
and a TAF of 19%. PM2.5 and ozone TAFs exhibited different spatial patterns globally 
(see Figure 9). PM2.5 TAFs were highest in the EU and EFTA, at 27%, followed by 22% 

https://www.theicct.org/publications/health-impacts-transport-emissions-2010-2015
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Figure 10. Globally and for each trade bloc, transportation-attributable fractions 
(TAF) of combined PM2.5 and ozone deaths in 2015, broken out by subsector.

Anenberg, A., Miller, J., Henze, D., and Minjares R. (2019) A 
Global Snapshot of the Air Pollution-Related Health Impacts of 
Transportation Sector Emissions in 2010 and 2015. 
Washington, DC: International Council on Clean 
Transportation. https://www.theicct.org/publications/health-
impacts-transport-emissions-2010-2015

AMU = Arab Maghreb Union (North Africa); ASEAN = 
Association of Southeast Asian Nations; CARICOM = 
Caribbean Community; CEMAC = Central African 
Economic and Monetary Community; CIS = 
Commonwealth of Independent States; EAC = East 
African Community; ECOWAS = Economic 
Community of West African States; EU & EFTA = 
European Union and European Free Trade 
Association; GCC = Gulf Cooperation Council; 
MERCOSUR = Southern Common Market (South 
America); NAFTA = North American Free Trade 
Agreement; SAARC = South Asian Association for 
Regional Cooperation; SADC = Southern African 
Development Community; SICA = Central American 
Integration System. 
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Globally, and in each trade bloc, diesel emissions were the dominant contributor to total 
transportation-attributable health impacts in 2015 (see Figure 10). In total, emissions from 
on-road diesel vehicles, international shipping, and non-road mobile sources including 
agricultural and construction equipment contribute 82% to the total TAF globally. On-road 
diesels are the largest contributor to transportation-attributable PM2.5 and ozone burdens 
in nearly all trade blocs, with a global subsector-specific TAF of 5% (of PM2.5 and ozone 
burdens from all sources) in 2015. The on-road diesel vehicle TAF is by far the highest in 
the EU and EFTA trade bloc, representing 15% of the combined PM2.5 and ozone burden 
from all sources. On-road non-diesel vehicles, international shipping, and non-road mobile 
sources each have global subsector-specific TAFs of 2%. On-road non-diesel vehicles, which 
are predominantly gasoline,  contribute more to the total transportation-attributable ozone 
burden compared with PM2.5 for all trade blocs, although this subsector also contributes 
substantially to the PM2.5 TAF in the NAFTA trade bloc, reflecting the dominance of gasoline 
vehicles in the U.S. passenger vehicle fleet (see Figure 9). Shipping and non-road mobile 
sources are relatively minor contributors to ozone TAFs but make up more than half the 
total combined PM2.5 and ozone TAF in Australia, Japan, and CARICOM region, and more 
than one-third of the total TAF globally. On-road diesels also contribute more than any 
other subsector to BC concentrations and TAFs in major vehicle markets (see Figure 7).
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Figure 10. Globally and for each trade bloc, transportation-attributable fractions (TAF) of 
combined PM2.5 and ozone deaths in 2015, broken out by subsector. AMU = Arab Maghreb 
Union (North Africa); ASEAN = Association of Southeast Asian Nations; CARICOM = Caribbean 
Community; CEMAC = Central African Economic and Monetary Community; CIS = Commonwealth 
of Independent States; EAC = East African Community; ECOWAS = Economic Community of West 
African States; EU & EFTA = European Union and European Free Trade Association; GCC = Gulf 
Cooperation Council; MERCOSUR = Southern Common Market (South America); NAFTA = North 
American Free Trade Agreement; SAARC = South Asian Association for Regional Cooperation; 
SADC = Southern African Development Community; SICA = Central American Integration System.

https://www.theicct.org/publications/health-impacts-transport-emissions-2010-2015
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Figure 11. National total PM2.5 and ozone mortality that is attributable to transportation 
emissions in 2015 in major trade blocs globally, using central relative risk estimates.

Anenberg, A., Miller, J., Henze, D., and Minjares R. (2019) A 
Global Snapshot of the Air Pollution-Related Health Impacts of 
Transportation Sector Emissions in 2010 and 2015. 
Washington, DC: International Council on Clean 
Transportation. https://www.theicct.org/publications/health-
impacts-transport-emissions-2010-2015

AMU = Arab Maghreb Union (North Africa); ASEAN = 
Association of Southeast Asian Nations; CARICOM = 
Caribbean Community; CEMAC = Central African 
Economic and Monetary Community; CIS = 
Commonwealth of Independent States; EAC = East 
African Community; ECOWAS = Economic 
Community of West African States; EU & EFTA = 
European Union and European Free Trade 
Association; GCC = Gulf Cooperation Council; 
MERCOSUR = Southern Common Market (South 
America); NAFTA = North American Free Trade 
Agreement; SAARC = South Asian Association for 
Regional Cooperation; SADC = Southern African 
Development Community; SICA = Central American 
Integration System. 
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Consistent with our findings for the top four vehicle markets, more than three-quarters of 
the global transportation-attributable health impacts in 2015 are estimated to have occurred 
in four trade blocs as shown in Figure 11: China, including Hong Kong (117,000 premature 
deaths, 30% of the global total); South Asian Association for Regional Cooperation 
(SAARC), which includes India (86,000, 22%); EU and EFTA (58,000, 15%); and NAFTA 
(31,000, 8%). The large numbers of estimated transportation-attributable pollution deaths 
in these trade blocs reflect large populations and emissions in these regions. Normalizing by 
population, transportation-attributable deaths per 100,000 people were still in the mid- to 
high range of all trade blocs examined (8.4 for China, 5.0 for SAARC, and 6.7 for NAFTA). 
The importance of transportation-related health impacts in China and SAARC are masked 
by the TAF metric because large emissions from non-transportation emission sources result 
in relatively low TAFs in these regions. For SAARC, the global share of transportation-
attributable air pollution deaths in this trade bloc is amplified compared to its share of 
transportation emissions, largely due to a combination of large population and high baseline 
disease rates, particularly for respiratory disease affected by ozone (see Figure 12). 

IRN

EGY
4,200

UKR
6,500

PAK
5,100

IND
74,000

BGD
4,800

USA
22,000

MEX
8,100

BRA
5,700

JPN
9,900

POL
4,200

NLD

ITA
7,800

GBR
8,400

FRA
6,400

ESP
3,200

DEU
13,000

RUS
13,000

CHN
114,000

THA PHL

IDN
7,100

Trade bloc
AMU
Andean Community
ASEAN
Australia
CARICOM
CEMAC
China
CIS
EAC
ECOWAS
EU & EFTA
GCC
Japan
MERCOSUR
NAFTA
SAARC
SADC
SICA
South Korea
Turkey
Other Africa
Other Americas & Caribbean
Other Asia & Oceania
Other Europe
Other Middle East

Figure 11. National total PM2.5 and ozone mortality that is attributable to transportation emissions 
in 2015 in major trade blocs globally, using central relative risk estimates. AMU = Arab Maghreb 
Union (North Africa); ASEAN = Association of Southeast Asian Nations; CARICOM = Caribbean 
Community; CEMAC = Central African Economic and Monetary Community; CIS = Commonwealth 
of Independent States; EAC = East African Community; ECOWAS = Economic Community of West 
African States; EU & EFTA = European Union and European Free Trade Association; GCC = Gulf 
Cooperation Council; MERCOSUR = Southern Common Market (South America); NAFTA = North 
American Free Trade Agreement; SAARC = South Asian Association for Regional Cooperation; 
SADC = Southern African Development Community; SICA = Central American Integration System.

https://www.theicct.org/publications/health-impacts-transport-emissions-2010-2015
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Figure 13. Transportation-attributable PM2.5 and ozone deaths, 
associated mortality rates, and population by trade bloc in 2015.

Anenberg, A., Miller, J., Henze, D., and Minjares R. (2019) A Global Snapshot of the Air Pollution-Related Health Impacts of Transportation Sector Emissions in 2010 and 
2015. Washington, DC: International Council on Clean Transportation. https://www.theicct.org/publications/health-impacts-transport-emissions-2010-2015
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Figure 13. Transportation-attributable PM2.5 and ozone deaths, associated mortality rates, and 
population by trade bloc in 2015.

3.6. IMPACTS IN URBAN AREAS
Because transportation emissions and exposure tend to be co-located in urban areas, 
we estimated the transportation-attributable air pollution deaths and TAFs for 100 
major urban areas worldwide (see Figure 14). The urban areas with the highest number 
of transportation-attributable air pollution deaths are a combination of those with the 
largest populations and transportation emissions. The top 10 for 2015, in order from the 
highest number, are Guangzhou, Tokyo, Shanghai, Mexico City, Cairo, New Delhi, Moscow, 
Beijing, London, and Los Angeles. In contrast, when normalized by population, the 
urban areas with the highest number of transportation-attributable air pollution deaths 
per 100,000 people in 2015 are mainly in Europe. The top 10 urban areas for 2015 when 
normalized by population, again in order beginning with the highest, are Milan, Turin, 
Stuttgart, Kiev, Cologne, Haarlem, Berlin, Rotterdam, London, and Leeds. The urban 
areas with the highest TAFs are also mainly in Europe. Beginning with the highest, they 
are, for 2015, Milan, Rotterdam, Turin, Stuttgart, Mexico City, Leeds, Manchester, London, 
Paris, and Cologne. Although urban areas in South and East Asia frequently have large 
numbers of transportation-attributable deaths, they tend to have lower TAFs because of 
the high overall pollution concentrations from other emission sources, such as coal-fired 
electric generating units and residential solid fuel combustion for cooking and heating. 
The only urban areas ranking in the top 20 for both transportation-attributable deaths 
and TAF in 2015 are Mexico City, London, Paris, and Cologne. In some cases, these cities 
contribute a large share of the national or regional transportation-attributable deaths 
(see Table A2).

https://www.theicct.org/publications/health-impacts-transport-emissions-2010-2015
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Figure 14. Total number of transportation-attributable PM2.5
and ozone deaths in 2015 by urban area.

Anenberg, A., Miller, J., Henze, D., and Minjares R. (2019) A Global Snapshot of the Air Pollution-Related Health Impacts of Transportation Sector Emissions in 2010 and 
2015. Washington, DC: International Council on Clean Transportation. https://www.theicct.org/publications/health-impacts-transport-emissions-2010-2015

Bubble size indicates total number of 
transportation-attributable PM2.5 and 
ozone deaths using central relative risk 
estimates. Bubble color indicates 
transportation-attributable fraction 
(TAF) of total PM2.5 and ozone deaths. 
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Figure 14. Total number of transportation-attributable PM2.5 and ozone deaths in 2015 by urban 
area. Bubble size indicates total number of transportation-attributable PM2.5 and ozone deaths 
using central relative risk estimates. Bubble color indicates transportation-attributable fraction 
(TAF) of total PM2.5 and ozone deaths. 

https://www.theicct.org/publications/health-impacts-transport-emissions-2010-2015
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Table A3. Comparison of global results from this study with 
other estimates in the literature.

Anenberg, A., Miller, J., Henze, D., and Minjares R. (2019) A Global Snapshot of the Air Pollution-Related Health Impacts of Transportation Sector Emissions in 2010 and 
2015. Washington, DC: International Council on Clean Transportation. https://www.theicct.org/publications/health-impacts-transport-emissions-2010-2015
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Table A3. Comparison of global results from this study with other estimates in the literature. 

Study
Analysis 

year Sector description Methods Result

This study 2010
Tailpipe emissions from on-road 
diesel, other on-road, shipping,  
non-road mobile sources

PM2.5 RR: GBD 2017 IER
Ozone RR: GBD 2017
Resolution: 0.1°x0.1°
Emissions: ICCT (Miller & Jin, 
2018), ECLIPSE (Klimont et al., 
2017; Stohl et al., 2015)

Deaths: 361,000 
(258,000–462,000)
TAF: 11.7%

This study 2015
Tailpipe emissions from on-road 
diesel, other on-road, shipping,  
non-road mobile sources

Same as row 1
Deaths: 385,000 
(274,000–493,000)
TAF: 11.4%

Chambliss et 
al. (2014) 2005

all mobile equipment powered by 
gasoline and diesel engines such 
as on-road passenger vehicles 
and commercial trucks, rail 
transportation, off-road agricultural 
and construction equipment

PM2.5 only: GBD2010 IER
Resolution: 0.5° x 0.67°
Emissions: Representative 
Concentration Pathway 8.5 (van 
Vuuren et al., 2011)

Deaths: 242,000
TAF: 8.5%

Lelieveld et 
al. (2015) 2010 Road and non-road transport on land

PM2.5 RR: GBD2010 IER
Ozone RR: Ostro (2004)
Resolution: 1.1° x 1.1°
Emissions: Emissions Database 
for Global Atmospheric Research 
(EDGAR)

Deaths: 165,000
TAF: 5%

Silva et al. 
(2016) 2005 Land transportation, shipping, and 

aviation

PM2.5 RR: GBD2010
Ozone RR: Jerrett et al. (2009) 
Resolution: 0.5° x 0.67°
Emissions: Representative 
Concentration Pathway 8.5 (van 
Vuuren et al., 2011)

Deaths: 376,000
TAF: 13.8% of 
anthropogenic 
PM2.5- and ozone-
related deaths

Weagle et al. 
(2018) 2014 Transportation

Concentration only
Resolution: 0.1° x 0.1°
Emissions: EDGAR v4.3 (Crippa 
et al., 2016), MIX (Li et al., 2017)

TAF: 8.6%

Note: RR = relative risk; IER = Integrated Exposure Response curve; ICCT = International Council on Clean Transportation; GBD = Global Burden 
of Disease; TAF = Transportation-attributable fraction.

https://www.theicct.org/publications/health-impacts-transport-emissions-2010-2015
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Total number of transportation-attributable PM2.5 and ozone 
deaths in 2015 for select urban areas in Europe. 

Fact Sheet: Health Impacts of Air Pollution from Transportation Sources in Germany
Full Report: Anenberg, A., Miller, J., Henze, D., and Minjares R. (2019) A Global Snapshot of the Air Pollution-Related Health Impacts of Transportation Sector Emissions 
in 2010 and 2015. Washington, DC: International Council on Clean Transportation. https://www.theicct.org/publications/health-impacts-transport-emissions-2010-2015

2

FACT SHEET HEALTH IMPACTS OF AIR POLLUTION FROM TRANSPORTATION SOURCES IN GERMANY
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Total number of transportation-attributable PM2.5 and ozone deaths in 2015 by urban area. Bubble size indicates 
total number of transportation-attributable PM2.5 and ozone deaths using central relative risk estimates. Bubble 
color indicates transportation attributable fraction (TAF) of total PM2.5 and ozone premature deaths.

169
500
1,000
1,455

Transport-
attributable

fraction

[0.1,0.2)
[0.2,0.3)
[0.3,0.4)

Transport-
attributable

PM2.5 and
ozone deaths

RUSSIA

ITALY

SPAIN

NORWAY

GERMANY

FRANCE

TURKEY

BELARUS
POLAND

UKRAINE

ALGERIA
IRA

U. K.

Total number of transportation-attributable PM2.5 and ozone deaths in 2015 for select urban areas in Europe. 
Bubble size indicates total number of transportation-attributable PM2.5 and ozone deaths using central relative risk 
estimates. Bubble color indicates transportation attributable fraction (TAF) of total PM2.5 and ozone deaths.
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Transportation-attributable deaths from PM2.5 and ozone pollution, 
mortality rates, and population in 100 major urban areas, 2015.

Fact Sheet: Health Impacts of Air Pollution from Transportation Sources in Paris
Full Report: Anenberg, A., Miller, J., Henze, D., and Minjares R. (2019) A Global Snapshot of the Air Pollution-Related Health Impacts of Transportation Sector Emissions 
in 2010 and 2015. Washington, DC: International Council on Clean Transportation. https://www.theicct.org/publications/health-impacts-transport-emissions-2010-2015

2

FACT SHEET HEALTH IMPACTS OF AIR POLLUTION FROM TRANSPORTATION SOURCES IN PARIS
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Transportation-attributable deaths from PM2.5 and ozone pollution, mortality rates, and population in 100 major 
urban areas, 2015. Bubble color indicates the trade bloc in which an urban area is located. Bubble size indicates the 
transportation-attributable mortality rate per 100,000 population.1
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National total PM2.5 and ozone mortality that is attributable to transportation emissions in 2015 in major trade blocs 
globally, using central relative risk estimates. The size of each box corresponds to each region’s share of global 
transportation-attributable PM2.5 and ozone mortality in 2015.

1 Acronyms of the trade blocs identified in the figure: AMU = Arab Maghreb Union (North Africa); ASEAN = Association of Southeast Asian 
Nations; CARICOM = Caribbean Community; CEMAC = Central African Economic and Monetary Community; CIS = Commonwealth of Inde-
pendent States; EAC = East African Community; ECOWAS = Economic Community of West African States; EU & EFTA = European Union and 
European Free Trade Association; GCC = Gulf Cooperation Council; MERCOSUR = Southern Common Market (South America); NAFTA = North 
American Free Trade Agreement; SAARC = South Asian Association for Regional Cooperation; SADC = Southern African Development Com-
munity; SICA = Central American Integration System.

Bubble color indicates the trade bloc in 
which an urban area is located. Bubble size 
indicates the transportation-attributable 
mortality rate per 100,000 population.

Top 10 in 2015 (bubble size): Milan, Turin, 
Stuttgart, Kiev, Cologne, Haarlem, Berlin, 
Rotterdam, London, and Leeds.
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