
The Paris 
Agreement on climate 

change is an international, 
legally binding treaty [1].  The 197 
member countries submit Nationally 

Determined Contributions (NDCs) every 
five years, which involve pledges to 

mitigate greenhouse gas emissions (GHGs) 
[2, 3].  Actions to mitigate GHGs that reduce 
energy system reliance on fossil fuels can 

achieve significant  
co-benefits, including reductions in 

other air pollutants that impact human 
health, such as ozone and 

particulate matter smaller than 
2.5 microns (PM2.5) [4]. 
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• How could the Nationally Determined Contributions (NDCs), pledges submitted by 
member countries under the Paris Agreement on climate change, impact global 
PM2.5 and ozone concentrations, considering the impacts of a changing climate 
on air quality?   

• Relative to a baseline scenario where less stringent policy is implemented, to what 
extent could the Paris Agreement reduce premature mortality from respiratory 
diseases, cardiopulmonary diseases, and lung cancer? 

• How does the United States NDC impact air pollution and health co-benefits in 
other world regions?  Conversely, how do NDCs from the rest of the world impact 
air pollution and health co-benefits in the United States?

 

Research Questions

Emissions Scenarios
Precursor emissions are calculated for two Reference and three Paris Agreement 

policy scenarios based on an analysis by Fawcett et al. [5] using the Global 
Change Assessment Model (GCAM).  We harmonize the GCAM emissions with the 
2015 Community Emissions Data System (CEDS) inventory [6] and grid them at 

0.5°x0.5° for use in CESM2.0.0.

Ocean/Ice Data
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Ref-No-policy, 
Paris-Cont-amb -> 

2015-2100 + 1 yr spinup 
174 years total

Ozone, PM2.5, and a Changing Climate
The CAM6 component of CESM2.0.0 with CAM-Chem chemistry calculates global 
ozone and PM2.5 concentrations at a geographic resolution of 2.0°x2.5° [7].  We 
will simulate full atmospheric dynamics, atmospheric chemistry, and land use, 

while using prescribed RCP ocean and ice data. 
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Health Impacts: 
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∆Y = * *

We will evaluate change in premature mortality (∆Y) from chronic respiratory 
diseases, ischemic heart disease, stroke, chronic obstructive pulmonary disease, 

and lung cancer in each grid cell using the equation below.  We will use 
scenarios of future baseline incidence and population data, and will consider 

present-day baseline incidence rates as a sensitivity analysis.

Premature Mortality

Y0 Pop AF 
Attributable 

Fraction

Ozone Jerrett et al. [11]

PM2.5
Burnett et al. 

[12]

Ref-Low-policy, 
Paris-Inc-amb, Paris-No-US -> 

2030-2100 
213 years total

Simulation Years

Use RCP4.5 for: 
Paris-Cont-amb,  
Paris-Inc-amb 
Paris-No-US

Use RCP8.5 for: 
Ref-No-policy 
Ref-Low-policy

Notes: 
• y-axis are different on each plot, 

and the lower bound is not zero 
• Emissions from Fuel Production 

and Transformation are 
calculated using coal resource 
production as a proxy.  We are 
working on modifying GCAM to 
calculate those emissions 
directly.
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Reference-No-policy
No new policies impacting GHGs 
through 2100 

Reference-Low-policy
Countries decrease CO2 by  
2%/yr/GDP (decarbonization rate) 
beginning 2030 

Paris-Continued-ambition
Countries achieve NDCs by 2030, 
then continue at decarbonization 
rate required to achieve NDCs, 
minimum 2%/yr/GDP 

Paris-Increased-ambition
Countries achieve NDCs by 2030, 
then continue at decarbonization 
rate required to achieve NDCs, 
minimum 5%/yr/GDP 

Paris-No-US
Same as Paris-Increased-
ambition, except US does not 
meet their NDC pledge
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