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Objectives

• Meet the needs of U.S. and international organizations to 
quantitatively assess air pollution health impacts and 
mitigation benefits in cities

• Leverage the global coverage and fine spatial resolution 
from remote sensing, combined with Earth system models 
and in situ measurements

• Specific objectives

1. Improve and verify estimates of urban PM2.5, ozone, and NO2

concentrations and NOx and SOx emissions for 5 pilot cities 
using NASA satellite data from MODIS, MISR, CALIPSO, OMI, 
as well as TROPOMI and GEOS-Chem

2. Estimate 15-year trends in PM2.5, ozone, and NO2 exposures 
and associated mortality and morbidity burdens in cities

3. Expand the national-scale tool used by the Climate and Clean 
Air Coalition to estimate health benefits of mitigation policies 
to the urban scale in 3 pilot cities

4. In partnership with stakeholders, apply the new Urban LEAP-
IBC tool to assess health benefits of air quality policy options 
in these three pilot cities
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Project team and organization
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Added:
Dan Goldberg (GWU)
Omar Nawaz (CU-Boulder)
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Scientific accomplishments
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PM2.5 mortality trends – C40 Cities

PM2.5 concentrations PM2.5 attributable mortality per 100,000

Southerland et al. in prep

C40 Cities

Regional 
mean

World 
median
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Ozone mortality in >3,000 cities

Top 5 Cities with the Greatest Ozone-attributable Deaths by Region in 2017

No. Oceania (n=30)
Latin America & Caribbean 

(n=428)
Africa (n=653) Europe (n=763) N. America (n=302) Asia (n=2941)

1 Sydney, Australia (9.2) Mexico City, Mexico (497.3) Cairo, Egypt (498.6) Madrid, Spain (306.2) Los Angeles, CA, USA (829.5) New Delhi, India (2840)

2 Melbourne, Australia (8.6) SÃ£o Paulo, Brazil (314.9) Johannesburg, South Africa (167.2) Milan, Italy (165.9) New York, NY, USA (389.5) Shanghai, China (2619.6)

3 Brisbane, Australia (3.3) Buenos Aires, Argentina (128.2) Kinshasa, DRC (109.7) Naples, Italy (150.7) Phoenix, AZ, USA (326) Kolkata, India (2422.1)

4 Perth, Australia (2.9) Curitiba, Brazil (83.5) Algiers, Algeria (66) Athens, Greece (138.9) Chicago, IL, USA (234.5) Beijing, China (2364.7)

5 Adelaide, Australia (2.5) Ciudad JuÃ¡rez, Mexico (61.6) Mbuji-Mayi, DRC (65.7) Guadalajara, Spain (128.5) San Diego, CA, USA (186.7) Guangzhou, China (2179.5)

Top 1000 Cities with the 

Greatest Ozone-

Attributable Deaths 
in 2017

Malashock et al. in prep



NO2 and pediatric asthma incidence

7Mohegh et al. in prep
Solid lines = NO2 concentrations

Dashed = NO2 attributable asthma cases



Top-down NOx emission estimates

• Showing 15 cities out of 96 
C40 Cities

• OMI NO2 values are 
compared to four widely 
available global emissions 
inventories
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Goldberg et al. in prep



Deep dive for Washington, DC: 
Disparities in PM2.5 mortality rates

9Castillo et al. in prep

PM2.5 mortality at neighborhood scale Trend in PM2.5 mortality for DC



Contributions to Annual PM2.5 in DC for 2011

Sector Abbreviations
AG – Agriculture   
EGU – Electrical Generation Unit   
ONR - On-road   
IND – Industry   
NON – Non-road   
SF – Surface Emissions
RES – Residential

Nawaz et al. in prep



2011 Daily

PM2.5

Contributions 

in DC

Nawaz et al. in prep
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Stakeholder achievements



Stockholm Environment Institute (SEI) and 
Climate and Clean Air Coalition (CCAC)
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• Major upgrade to SEI’s Low Emissions 
Analysis Platform (LEAP) in 2020 that 
includes: 

• Integrated Benefits Calculator (IBC) 

• Urban capability

• LEAP-IBC used for National Action 
Planning on short-lived climate pollutants 
by the CCAC 

• Methods described by Kuylenstierna et al. 
under review:

• GEOS-Chem Adjoint emissions to 
concentration sensitivities

• Satellite-derived PM2.5 to transition from 
global model resolution to urban scale

• Global Burden of Disease methods for health 
impacts 



C40 Cities – integrating air quality into urban climate 
action planning 
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Clean Air Declaration (Oct. 2019) Climate Action Planning (ongoing)



Successes and challenges

• Successes:

– Cross-sectional analyses of PM2.5, ozone, NO2 health impacts and NOx emissions in cities worldwide

– Deep-dive for Washington, DC

– Stakeholder achievements: SEI/CCAC Urban LEAP-IBC, C40 Clean Air Declaration

• Next priorities: further scientific support for stakeholder policy analysis

• Challenges: obtaining local-scale health data, stakeholders with different geopolitical focus, 
pandemic-related difficulties with collaborating internationally

• Started at ARL 6 (Nov. 2018), plan to get to ARL 9 (Oct. 2022)

– Advanced to ARL 7 in May 2020 as Urban LEAP-IBC model was released, urban PM2.5 disease burdens 
have been integrated into C40 Cities’ operations
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Manuscript/Publications

• Goldberg, D., Z. Lu, D.G. Streets, A. Mohegh, S. Anenberg (2020) 
TROPOMI NO2 in the United States: A detailed look at the annual 
averages, weekly cycle, effects of temperature, and correlation with 
PM2.5. Under review.

• Goldberg, D.L., S.C. Anenberg, Z. Lu, D.G. Streets, D. Griffin, C.A. 
McLinden (2020) Disentangling the impact of the COVID-19 lockdowns 
on urban NO2 from natural variability. Geophysical Research Letters, in 
press. 

• Nawaz, M. O., and D. K. Henze (2020) Premature deaths in Brazil 
associated with long-term exposure to PM2.5 from Amazon fires between 
2016-2019, GeoHealth, doi: 10.1029/2020GH000268.
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Thanks!

Susan Anenberg
sanenberg@gwu.edu


